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Facilities  and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National 
Research  Council. 
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and  Engineering  Center.  ATTN:  SMCCR-SPS-T,  Aberdeen  Proving  Ground,  Maryland 
21010-5423.  However,  the  Defense  Technical  Information  Center  and  the 
National  Technical  Information  Service  are  authorized  to  reproduce  the 
document  for  U.S.  Government  purposes. 
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COMPARATIVE  INHALATION  SCREEN 
OF  TITANIUM  DIOXIDE  AND  GRAPHITE  DUSTS 

1.  INTRODUCTION 

Synthetic  and/or  natural  graphite  dust  may  have  military  applications  which  could 
result  in  inhalation  hazards.  CRDEC  has  tested  synthetic  (Asbury  Micro  260)  and  natural 
(Asbury  Micro  650)  graphites  and  found  that  acute  inhalation  exposure  in  Fischer  344  rats 
resulted  in  a  mild  reversible  inflammatory  response  at  high  concentrations  (500  mg/m^)  for 
the  synthetic  material.(l)  A  repeated  inhalation  study  with  the  synthetic  graphite  also  showed 
more  changes  at  a  lower  concentration  (100  mg/m^)  reversible  at  3  months  post-exposure 
(PE)  .(2)  The  purpose  of  this  study  was  to  compare  the  toxicity  of  natural  and  synthetic 
graphite  using  titanium  dioxide  as  a  negative  control.  Both  synthetic  graphite  and  titanium 
dioxide  are  classifed  as  "nuisance  dusts"  as  defined  by  ACGIH.(3)  Purported  "nuisance"  dusts 
have  a  history  of  little  adverse  effect  and  do  not  produce  significant  organic  disease  or  toxic 
effect  when  exposures  are  kept  under  control.  A  Threshold  Limit  Value  (TLV)  of  10  mg/m^  of 
total  dust  (less  than  1%  quartz)  is  recommended  for  "nuisance"  dusts  for  a  normal  workday. 

For  materials  containing  more  than  1%  quartz,  the  environment  should  be  evaluated  against  the 
TLV  of  0.1  mg/m^  for  respirable  quartz.  The  natural  graphite  used  in  this  study  contains 
1.85%  silica  and  chemically  may  not  meet  the  nuisance  dust  requirement;  however,  this 
material  may  behave  biologically  like  other  nuisance  dusts  (synthetic  graphite  and  titanium 
dioxide).  According  to  the  ACIGH,  the  biological  criteria  of  a  nuisance  dust  is  defined  by  the 
following  lung  tissue  reaction:  1)  the  architecture  of  the  air  spaces  remains  intact;  2)  collagen 
(scar  tissue)  is  not  formed  to  a  significant  extent;  and  3)  the  tissue  reaction  is  potentially 
reversible.  In  addition  to  these  histopathological  indicators  of  toxicity,  pulmonary  function  and 
bronchoalveolar  lavage  (BAL)  were  used  to  compare  the  toxicity  of  these  graphite  dusts  to 
titanium  dioxide. 


2.  MATERIALS  AND  METHODS 

2.1  Experimental  Design  and  Test  Materials 

Groups  of  20  male  Fischer  344  rats  were  exposed  by  whole  body  inhalation  to  100 
mg/m3  of  each  test  material  on  four  consecutive  days,  four  hours/day  according  to  the  protocol 
(see  appendix  A).  Additional  groups  of  12  rats  were  also  exposed  and  evaluated  for  pulmonary 
function  and  BAL  changes.  Microscopic  evaluation  of  the  respiratory  tract  and  major  organs  was 
done  at  two  time  periods  PE,  24  hours  and  14  days  according  to  the  following  schedule; 
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24hr  &  1 4da  Path  24hr  &  1 4da  BAUPhysio 


Synthetic  Graphite 

10 

10 

6 

6 

Natural  Graphite 

1  0 

1  0 

6 

6 

Titanium  Dioxide 

1  0 

1  0 

6 

6 

Control 

1  0 

10 

6 

6 

The  synthetic  graphite  used  in  this  study  is  Asbury  Micro  260  (less  than  1%  silica)  and 
the  natural  graphite  is  Asbury  Micro  650  (1.85%  silica).  The  titanium  dioxide  was  a  gift  from 
NL  Chemicals  Inc.  and  is  a  high  purity  rutile  form  of  titanium  dioxide.  All  three  test  materials 
contained  neglible  amounts  of  contaminants  (see  appendix  A). 


22 _ Chamber  Operation 

The  Hazelton  2000  liter  stainless  steel  inhalation  chambers  were  used  for  this  study. 
These  are  "live  in”  chambers  designed  to  house  test  animals  during  the  entire  course  of  the 
study.  It  incorporates  compartmental  cage  units  mounted  at  six  different  vertical  heights  as 
shown  in  figure  1 .  A  unique  feature  of  the  chamber  is  the  multi-tier  arrangement  of  the  cage 
units  and  catch  pans  which  facilitates  good  mixing  within  the  chamber  and  helps  promote  a 
nearly  uniform  aerosol  concentration  throughout  the  chamber.  (4)  This  uniformity  has  been 
verified  by  both  fixed  point  aerosol  sampling  measurements,  residence  time  distribution 
measurements,  and  flow  visualization  studies.  (5,6) 

Four  Hazelton  2000  liter  chambers  were  set  up  as  shown  in  figure  2  in  building  E3266 
which  is  climate  controlled  (temperature  ->  74°  ±  4°;  relative  humidity  -  40%  ±  10%).  All 
four  chambers  are  manifolded  to  a  single  blower  unit  which  pulls  air  from  the  surrounding 
room  through  each  of  the  chambers;  all  air  is  filtered  prior  to  being  exhausted  outside. 
Chambers  designated  #2,  #3,  #4  are  set  up  to  handle  the  various  aerosol  exposure 
atmospheres  and  the  inlet  ports  to  these  chambers  are  each  fitted  with  15  liter  glass  mixing 
bowls  which  aid  in  aerosol  dispersal.  Chamber  #1  has  been  designated  as  the  control  chamber 
and  is  fitted  with  a  particulate  filter  on  its  input  in  place  of  a  mixing  bowl.  Each  chamber 
exhaust  line  has  an  orifice  meter  downstream  of  the  particulate  filter  for  the  purpose  of 
monitoring  chamber  flow.  Gate  valves  provided  on  each  chamber  enable  course  flow  regulation. 
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Figure  2.  Hazelton  2000  Liter  Chambers 


The  aerosol  generation  system  for  titanium  dioxide  consisted  of  an  AccuRate  series  300 
screw  feeder  and  attached  vbration  device  whidt  metered  the  dust  at  a  uniform  rate  to  a  Jet-0- 
Mizer  aerosol  mill  depicted  in  figure  3.  The  aerosol  mill  was  equipped  with  air  jets  supplied 
wHh  compressed  air  at  55  psig.  High  velocity  air  emanating  from  the  jets  resulted  in  high 
partide  to  particle  shear  forces  which  readily  caused  the  break  up  of  agglomerates. 
Consequently,  a  relatively  highly  dispersed  aerosol  was  produced  at  the  outlet  of  the  aerosol 
mill. 


The  AocuRate  series  300  feeders  were  also  used  to  deliver  the  graphite  dusts  to  the  dust 
generators.  Dispersion  of  the  graphite  dusts  was  accomplished  using  a  Metronics  aerosol 
generator  depicted  in  figure  4.  This  device  is  in  essence  a  centrifugal  blower  with  a  deep  bladed 
impellor.  Feed  material  falls  into  the  center  of  the  impellor  and  is  driven  against  the  blades  by 
centrifugal  force  resulting  in  particle  deagglomeration  and  dispersion.  The  resultant  aerosol 
was  fed  directly  into  the  chamber  mixing  bowl.  The  appropriate  blower  speed  was  determined 
during  the  calibration  phase  and  was  regulated  by  means  of  a  variac. 

Each  chamber  was  equipped  with  a  Magnehelic  pressure  gauge  (range  0  to  2*  water)  to 
assess  internal  chamber  pressure.  Chamber  pressures  must  be  maintained  at  a  pressure  of 
negative  0.4  inches  of  water  relative  to  the  surrounding  room  at  all  times  during  an  exposure  to 
prevent  le^tage  of  chamber  atmosphere  into  the  room.  Each  chamber  was  also  equipped  with  a 
platinum  resistance  thermometer  for  continuous  temperature  monitoring  during  the  exposure. 
The  control  chamber  was  equipped  with  an  electrical  resistance  hygrometer  for  continuous 
humidity  monitoring.  The  output  from  this  device  was  taken  as  being  representative  of  all  four 
chambers  since  the  probe  connot  be  placed  into  a  dusty  atmosphere  without  resultant  damage. 
Each  chamber  orifice  meter  was  equipped  with  a  (fifferentiai  pressure  transducer  for 
continuous  flow  monitoring.  Chamber  flow,  temperature,  and  relative  humidity  were 
continuously  recorded  during  the  course  of  the  exposure  operation. 


2.3  Chamber  Calibration 

The  purpose  of  the  calftKation  phase  of  the  experiment  was  to  quantitate  the  uniformity 
and  stability  of  the  aerosol  mass  concentration  within  the  exposure  chambers  prior  to  the  actual 
animal  exposure.  To  accomplish  this,  a  four  hour  mock  exposure  test  was  conducted  on  two 
separate  occasions  with  each  of  the  three  exposure  materials  (natural  graphite,  synthetic 
graphite,  and  titanium  dioxide).  Simultaneous  filter  samples  taken  at  five  different  sampling 


13 


Figure  3.  TIO2  Aerosol  Generation  System 


Figure  4.  Graphite  Aerosol  Generation  System 
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positions  within  the  chamber  were  weighed  to  determine  the  aerosol  concentrations  at  these 
locations.  These  sampling  locations  are  just  above  the  animal  cages  in  the  middle  tier  of  the 
chambers  and  lie  in  a  horizontal  plane.  The  sampling  locations  are  defined  in  figure  5  by 
number,  designated  chamber  comer,  and  3-0  coordinates.  Sampler  location  #2  is  near  the 
"center*  of  the  chamber.  During  the  course  of  a  mock  exposure,  five  or  more  sets  of  filter 
samples  were  taken.  The  flow  rate  for  each  sampler  was  set  at  5  Ipm  and  the  sampling  duration 
was  5  minutes.  The  more  than  50  Alter  samples  taken  per  chamber  during  the  two  calibration 
runs  were  used  to  evaluate  the  spatial  and  temporal  variations  in  aerosol  concentrations  within 
the  chambers. 

The  exposure  chamber  concentration  measurements  for  the  caitoration  phase  are  shown 
in  Tables  1.  2.  and  3  for  the  natural  graphite,  synthetic  graphite,  and  titanium  dioxide  aerosols, 
respectively.  The  central  columns  of  data  show  the  aerosol  mass  concentrations  (mg/m^)  taken 
simultaneously  at  the  five  sampler  locations  for  consecutive  times  (shown  above  each  column) 
during  the  course  of  a  run.  The  block  of  numbers  to  the  right  of  the  central  group  are  the  run 
statistics  computed  horizontally  for  each  sampler  location.  They  represent  from  left  to  right 
the  temporal  average,  standard  deviation,  coefficient  of  variation,  and  percentage  variation  from 
the  mean  for  the  concentration  measurements  at  a  given  sampler  location.  Correspondingly,  the 
block  of  numbers  below  the  central  group  are  the  run  statistics  computed  vertically  at  each 
elapsed  time,  and  describe  the  spatial  variation  in  aerosol  concentration  within  the  chamber  at  a 
particular  time.  Table  4  summarizes  the  temporal  and  spatial  distribution  for  the  three 
aerosols.  The  overall  coefficients  of  variation  represent  an  average  of  the  individual  values 
computed  during  the  course  of  the  two  calibration  mns  on  each  material.  The  mean 
concentration  value  shown  is  the  average  of  all  samples  taken  during  the  calibration  from  each 
chamber.  The  data  indicate  that  the  overall  temporal  variation  at  any  one  location  was  less  than 
10  percent  on  the  average.  Overall  spatial  variation  achieved  was  less  than  5  percent  on 
average.  A  one  way  analysis  of  variance  on  the  pooled  data  from  the  two  calibration  runs 
indicated  that  the  differences  in  measured  aerosol  concentrations  at  the  five  chamber  locations 
at  any  one  time  were  not  significant  (p<  0.05).  The  calculations  for  the  latter  are  shown  in 
more  detail  in  Appendix  B. 

During  the  four  days  of  animal  exposure,  all  aerosol  filter  samples  were  taken  from  each 
chamber  at  port  #4  located  at  the  northeast  (NE)  comer  of  the  chambers.  This  was  considered 
to  give  an  adequate  estimate  of  chamber  concentration  in  view  of  the  calibration  results  and  also 
enabled  more  frequent  sampling  from  all  three  diambers  during  ttie  course  of  the  exposure.  A 
minimum  of  two  samples  per  hour  were  taken  from  each  chamber. 
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URE  5.  Location  of  Aerosol  Samplers 
Top  View  of  Chamber 
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The  aerodynamic  particle  size  of  each  test  material  was  determined  using  a  Sierra® 
Instruments  cascade  impactor  (Model  221 0-K.  10  stage).  The  Sierra  impactor  was  operated  at 
a  flow  rate  of  0.1  CFM  for  30  minutes.  At  this  flow  rate,  particle  size  could  be  measured 
between  18  and  .09  pm.  The  test  material  was  collected  on  lightly  greased  stainless  steel 
substrates  that  were  weighed  prior  to  and  following  sampling  to  determine  mass  collected  in 
each  size  range.  Particle  size  sample  data  were  analyzed  by  log  normal  regression,  least 
squares  method,  of  particle  size  versus  cumulative  relative  mass.  The  mass  median  aerodynamic 
diameter  (MMAO)  and  geometric  standard  deviation  (0g)  of  each  test  material  were  determined 
during  the  caUbration  and  exposure  phases  of  the  study.  The  particle  size  data  are  summarized 
in  table  5  and  the  calculations  are  contained  in  Appendix  C. 


Male  Fischer  344  rats  (CDF/Crl  BR)  were  commercially  procured  from  Charles  River 
Laboratories  and  were  housed  in  stainless  steel  suspended  cages  in  racks  within  the  chambers. 
The  Hazelton  system  is  designed  and  has  been  tested  to  hold  animals  under  unifonn  light, 
temperature  (22”  C  ±  2”  C)  and  humidity  (30-70%)  conditions.(6)  Certified  Laboratory 
Rodent  Chow  (#5002)  and  water  was  avail^le  ad  return .  The  animals  were  randomized, 
weighed  and  tattooed  prior  to  exposure.  Weights  were  taken  at  weekly  intervals  during  the  pre 
and  post  exposure  phases  and  daily  during  the  exposure  phase.  Prior  to  initiation  of  exposures, 
the  animals  were  examined  by  the  Chief  of  the  Veterinary  Services  Branch  and  found  to  be  in 
good  health  except  for  a  minor  incidence  of  siaiodacryoadenitis  which  did  not  jeopardize  the 
outcome  of  the  study,  (see  appendix  0)  At  the  end  of  the  post  exposure  period.  5  additional 
control  rats  were  submitted  to  the  US  Army  Medical  Research  Institute  of  Chemical  Defense, 
Veterinary  Medical  and  Laboratory  Research  Branch  for  pathogenic  quality  assurance 
evaluation.  The  report  is  contained  in  appendix  D  and  no  deleterious  parasites,  pathogens  or 
abnormal  histopathology  were  found. 

Just  prior  to  the  exposure  period,  the  feed  trays  were  removed  from  the  exposure  racks. 
Following  the  exposure,  the  test  and  control  rats  were  transferred  to  clean  cages  in  adjacent 


TABLE  5.  MEAN  PARTICLE  SIZE  OF  AEROSOLS 


Natural  Graphite 
MMAD  ( 0g ) 

Synthetic  Graphite 
MMAD  ( 0g ) 

Titanium  Dioxide 

MMAD  (0g ) 

During 

3.06  (2.19) 

2.96  (2.16) 

2.15  (3.18) 

Calibration 

3.04  (2.16) 
2.89  (2.22) 

2.57  (2.26) 

2.15  (2.51) 

During 

2.40  (2.56) 

2.34  (2.53) 

1.42  (2.40) 

Exposure 

2.35  (2.66) 

2.20  (2.60) 

1.59  (2.06) 

1.39  (2.40) 

1.60  (2.10) 

MMAD-  Mass  Median  Aerodynamic  Diameter  In  micrometers 
0g-  Geometric  Standard  Deviation 


biodean  units  while  the  chambers  were  cleaned.  Toxic  signs  were  observed  and  recorded  before 
and  after  each  exposure  and  daily  during  the  pre  and  post  exposure  periods. 


2.6  Phvsiolooicai  Evaiuations 

Lung  lavage  and  pulmonary  physiological  testing  were  perfonned  on  the  same  animal  to 
enable  correlation  of  biochemical  changes  with  functional  changes.  At  24  hours  and  14  days  PE, 
the  rats  were  anesthetized  1 4).  with  sodium  pentobarbital  (40  mg/kg)  and  a  tracheal  catheter 
was  connected  to  a  Pleish®  pneumotachometer  for  the  measurement  of  respiratory  flow.  An 
air-filled  esophageal  catheter  was  inserted  into  the  esophagous  approximately  to  the  level  of  the 
thoracic  inlet  and  was  connected  to  one  arm  of  a  Hewlett-Packard®  differential  pressure 
transducer  for  the  measurement  of  esophageal  pressure.  Transpulmonary  pressure  (the 
difference  between  esophageal  pressure  and  airway  pressure  derived  from  a  lateral  tap  at  the 
dtetal  end  of  the  endotracheal  tube)  was  used  for  all  calculations.  Both  flow  and  pressure  signals 
were  processed  in  a  Buxoo  Electronics®.  Inc.  Pulmonary  Function  Computer  and  the  following 
parameters  were  recorded  on  a  Buxco  Data  Logger:  How,  tidal  volume,  transpulmonary 
pressure,  compliance,  and  resistance.  Compliance,  measured  by  the  ratio  of  the  volume  change 
in  a  tidal  breath  to  the  pressure  chartge  between  end  expiration  and  end  inspiration,  is  a 
standard  physiologicai  method  of  assessing  the  overall  elasticity  or  distensibility  of  the  lungs 
and  thorax.  Restrictive  pulmonary  diseases  (eg.  fibrosis,  silicosis)  result  in  d^eases  In 
compliance  due  to  a  stiffening  effect  which  increases  the  work  of  breathing.  Resistance  is  a 
measure  of  the  pressure  difference  required  for  a  unit  flow  change.  Inhaialion  of  dusts  may  lead 
to  an  increase  in  airway  resistance.  Both  compliance  and  resistance  were  measured  as 
indicators  of  functional  impairment. 


2.7  Bronchoahraolar  Lavaoe _ 

Immediately  following  the  pulmonary  measurements,  the  esophageal  catheter  was 
removed  and  the  lavage  procedure  commenced.  The  king  washing  technique  consisted  of 
instilling  a  calcuiated  volume  of  normal  saline  (0.015  ml/g  body  weight)  into  the  lung  and 
immediately  withdrawing  the  saline  until  a  slight  pressure  was  felt  on  the  syringe  plunger. 
Two  lavage  washes  were  done  in  quick  succession.  The  recovered  lavage  fluid  from  bo^  washes 
was  pooled  and  centrifuged  at  300  g  for  10  minutes  at  4**  C. 
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Following  centrifugation,  the  fiukf  was  separated  into  supernatant  and  pellet  fractions. 
The  pellet  was  resuspended  in  1  ml  50%  bovine  serum  albumin  and  total  cell  counts  were  taken 
on  a  ZBI  Coulter  Counter®.  A  differential  cell  count  was  made  using  a  modified  Pap  staining 
method.  The  cell  pellet  was  resuspended  in  Hank's  buffered  saline;  the  macrophage 
concentration  was  determined  in  a  hemocytometer  and  cell  viability  determined  via  the  trypan 
blue  exclusion  test.(7)  The  supernatant  lavage  fluid  was  assayed  tor  total  protein  with  the  Bio 
Rad®  Protein  Assay  and  for  enzymatic  activity  of  lactate  dehydrogenase  (LDH).  alkaline 
phosphatase  (ALKP),  and  B-Glucuronidase  (B-Giu).  LOH  and  ALKP  were  determined  on  an 
Abbott  VP  Series  II  using  an  Abbott  Analysis  Kit  and  B-Glu  was  assayed  using  a  Sigma  Chemical 
Co.  kit. 


2.8  Pathological  Evaluation 

At  24  hours  and  14  days  PE,  the  test  and  control  rats  identified  tor  pathological 
evaluation  were  killed  using  carbon  dioxide  gas  and  complete  necropsies  were  performed  by 
Pathology  Associates  Inc.,  Ijamsvilie.  Md.  in  accordance  with  contract  #DAAAl5-85-D-0002. 
All  tissues  were  fixed  in  10%  neutral  buffered  formalin,  trimmed,  dehydrated,  embedded  in 
paraffin,  sectioned  at  6  pm  and  stained  with  hematoxylin  and  eosin.  Representative  sections 
were  examined  for  all  test  groups  and  controls. 


2.9  Data  Analysis 

Data  analysis  was  conducted  according  to  a  statistical  "decision  tree”  as  described  by  Gad 
and  Weil.(8)  First,  Bartletts's  Test  tor  homogenicity  of  variance  was  used  as  a  check  of  the 
assumption  of  equivalent  variances,  followed  by  the  use  of  ANOVA  (analysis  of  variances).  Mon- 
parametric,  heterogeneous  data  was  analyzed  by  the  Kruskal-Wallis  non-parametric  ANOVA. 
Finally,  Dunnett's  Test  was  used  on  parametric  homogeneous  data  to  identify  significantly 
different  groups. 
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3.  RESULTS 


aj _ Chambar  Analyses 

The  aerosol  concentration  measurements  recorded  during  each  exposure  day  are 
tabulated  in  Appendix  E  along  with  the  daily  statistical  computations.  These  data  show  that  the 
coefficient  of  variation  for  aerosol  concentration  in  any  one  day  was  less  than  16  percent.  The 
average  concentrations  for  the  four  days  of  exposure  for  each  test  material  were:  102.1 
mg/m3,  natural  graphite;  100.4  mg/m^,  synthetic  graphite;  and  101.5  mg/m^,  titanium 
dioxide.  The  overall  coefficient  of  variation  for  concentration  was  iess  than  15  percent.  To  test 
whether  or  not  the  average  aerosol  concentration  was  the  same  for  each  of  the  test  materiais,  the 
Kruskal-Wallis  test  was  applied  to  the  data.  A  non-parametric  test  was  chosen  in  place  of  an 
analysis  of  variance  since  the  data  failed  Bartlett's  test  for  homogeneity  of  variances  at  (p  s 
0.05).  This  was  because  of  the  greater  variance  of  foe  titanium  dioxide  aerosol  measurements. 
The  details  of  the  Kruskal-Wallis  test  are  shown  in  Appertdix  E.  The  latter  test  results  indicated 
that  there  was  no  significant  difference  (p  <  0.05)  in  foe  aerosol  concentrations  of  the  three 
materials  over  foe  course  of  the  exposure. 

Chamber  temperature,  relative  humidity,  and  flow  data  are  also  shown  in  Appendix  E. 
Note  that  each  value  shown  represents  foe  average  of  four  measurements.  Although  relative 
humidity  was  measured  only  in  the  control  chamber  for  reasons  of  probe  contamination,  these 
values  are  representative  for  all  four  chambers  since  they  all  draw  air  from  the  same 
environment.  Because  of  the  relatively  short  residence  time  (<  2  minutes)  of  air  in  the 
chamber,  it  is  doubtful  that  the  particles  would  significantly  affect  the  relative  humidity  of  the 
air.  Each  chamber  contained  foe  same  number  of  animals  so  that  the  humidity  in  the  control 
chamber  was  representative  of  all  the  chambers.  Overall  these  data  meet  the  standards  specified 
in  foe  Guidelines  for  Good  Laboratory  Practices. 


3.2  Toxic  Observations 

Throughout  the  entire  study,  the  control  and  test  animals  gained  weight  at  the  same  rate; 
there  were  no  statistically  significant  differences  between  foe  groups  as  depicted  in  figure  6. 
The  tabulated  weight  data  is  contained  in  Appendix  0.  During  the  actual  four  day  exposure 
period,  control  and  test  groups  stopped  gaining  weight  but  recovered  their  growth  rate  during 
foe  14  day  post  exposure  period.  This  depressive  effect  on  growth  was  attributed  to  foe  stress 
of  exposure.  There  was  concern  about  foe  noise  generated  by  the  Jet-O-Mizer  dispersal  system. 
Before  foe  animals  were  exposed,  the  Bio-Acoustics  Division  of  the  US  Army  Environmental 
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Figure  6.  Weights  of  Test  and  Control  Rats 


Hygiene  Agency  was  consulted  and  measured  the  noise  level  in  the  exposure  chambers.  Their 
report  is  contained  in  Appendix  0.  and  concluded  that  the  frequency  range  was  outside  the  region 
that  would  adversely  affect  the  rats. 

There  were  no  adverse  toxic  signs  exhibited  by  the  animals,  normal  activity  occurred 
pre  and  post  exposure.  The  graphhe  exposed  rats  were  charcoal  colored  following  exposure  and 
remained  "dirty  *  looking  throughout  the  14  day  post  exposure  period  despite  some  preening. 


aj _ PhvsiolQQical  and  BfonchoalveQlar  Response 

The  results  of  the  pulmonary  physiological  evaluation  of  the  rats  exposed  to  titanium 
dioxide  and  graphite  dusts  are  summarized  in  tables  6-7.  There  appears  to  be  a  statistically 
significant  decrease  in  pulmonary  resistance  at  24  hours  PE  in  the  rats  exposed  to  synthetic 
graphite  and  a  significant  increase  in  respiratory  rate  at  14  days  PE  in  the  rats  exposed  to  titan 
ium  dioxide.  Neither  of  these  apparent  changes  has  any  biologicai  significance.  Previous  acute 
and  repeated  inhalation  studies  on  synthetic  graphite  did  not  result  in  any  consistent  significant 
changes  in  pulmonary  resistance.(1.2) 

The  enzymatic  and  protein  analyses  of  the  lavage  fluid  are  summarized  in  table  8.  There 
were  significant  increases  in  protein  at  24  hours  PE  with  all  three  dusts  but  at  14  days  all 
values  were  within  control  levels.  At  24  hours  PE,  there  were  significant  increases  in  B-Glu 
and  ALKP  for  both  graphite  dusts  and  an  increase  in  LOH  for  the  natural  graphite.  There  was  an 
unexplainable  decrease  in  ALKP  for  titanium  dioxide  which  may  be  caused  by  a  material 
Interference  with  the  assay;  this  effect  is  being  investigated.  By  14  days  PE,  all  enzymatic 
changes  were  resolved. 

Cytological  analyses  of  the  lavage  fluid  are  listed  in  table  9.  All  three  dust  exhibited  an 
influx  of  polymorphonuclear  neutrophils  (PMN)  at  24  hours  PE  but  the  graphite  dusts  elicited 
a  greater  PMN  response.  Likewise,  natural  graphite  exposure  resulted  in  the  largest  increase 
in  total  cells.  By  14  days  PE,  the  PMN  response  had  diminished  to  almost  control  levels.  There 
was  no  decrease  in  macrophage  viability  from  exposure  to  any  of  the  test  materials. 
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TABLE  6.  PHYSIOLOGICAL  RESULTS  (24  HR  PE) 

RESPIRATORY  PHYSIOLOGY  DATA  FROM  ACUTE  INHALATION  OF 
GRAPHITE  AND  Ti02  EXPOSURE  DATES  12/13/87  -  12/16/87 
POUR  HOURS  PER  DAY;  FOUR  CONSECUTIVE  DAYS;  100  ag/xnS 


GROUP 

WEIGHT 
(Gms. ) 

FLOW 

PLEUR. 

PRESS. 

TIDAL 

VOL. 

COMP¬ 

LIANCE 

RESIS 

TANCE 

-  RESP. 
RATE 

MINUTE 

VOLUME 

CONTROL 

293 

14.8 

6.99 

1.82 

.312 

.169 

99.9 

181 

SD+/- 

12 

1.8 

.68 

.13 

.067 

.028 

17.9 

37 

NATURAL 

299 

13.5 

7.77 

1.81 

.274 

.180 

106.1 

190 

SD+/- 

7 

2.7 

1.16 

.17 

.043 

.066 

16.2 

18 

SYNTHETIC 

292 

15.4 

6.61 

1.74 

.310 

.125 

113.2 

191 

SD+/- 

10 

2.5 

1.92 

.21 

.090 

.036 

29.4 

28 

Ti02 

293 

12.3 

6.08 

1.86 

.436 

.175 

98.4 

182 

SD+/- 

6 

2.7 

1.37 

.09 

.156 

.012 

14.2 

20 

BARTLETT'S 

NS 

NS 

NS 

NS 

NS 

SIG 

NS 

NS 

TEST 

ANOVA 

NS 

NS 

NS 

NS 

SIG 

NS 

NS 

NS 

DUNNETT'S 

— 

— 

-  C 

vs  NA 

(NS)  - 

— 

TEST 

C 

VS  SY 

(NS) 

c 

VS  Ti 

(SIG) 

KRUSI»L- 

• 

• 

SIG 

WALLIS 

NON-PARAMETRIC 

ANOVA 

DISTRIBITION 

— 

• 

C 

vs  NA 

(NS)  - 

FREE  MULTIPLE 

c 

vs  SY 

(SIG) 

COMPARISON 

c 

vs  Ti 

(NS) 

TABLE  7. 

PHYSIOLOGICAL  RESULTS 

(14  DAY 

PE) 

GROUP 

WEIGHT 
(Gns. ) 

FLOW 

PLEUR. 

PRESS. 

TIDAL 

VOL. 

COMP¬ 

LIANCE 

RESIS¬ 

TANCE 

RESP. 

RATE 

CONTROL 

SD+/- 

308 

21 

14.1 

1.4 

6.33 

1.24 

1.81 

.14 

.343 

.087 

.136 

.051 

79.4 

15.4 

NATURAL 

SD+/- 

310 

10 

13.7 

1.6 

7.20 

.92 

1.74 

.09 

.269 

.028 

.171 

.049 

91.6 

13.6 

SYMTHETIC 

306 

9 

14.1 

3.3 

6.64 

2.45 

1.81 

.58 

.299 

.187 

.132 

.051 

75.9 

11.1 

Ti02 

SD+/- 

312 

6 

13.6 

1.8 

6.39 

1.50 

1.66 

.12 

.306 

.068 

.144 

.043 

101. S 
20.4 

BARTLETT'S 

TEST 

NS 

NS 

NS 

SIG 

NS 

NS 

NS 

ANOVA 

NS 

NS 

NS 

NS 

NS 

NS 

SIG 

DUNNETT'S 

TEST 

• 

• 

• 

-  C 
C 

c 

VS  NA 
VS  SY 
VS  Ti 

KRUSKAL- 

WALLIS 

NON-PARAMETRIC  ANOVA 

— 

NS 

— 

— 

- 

MINUTE 

VOLUME 


145 

36 

160 

27 

137 

57 

171 

32 

NS 


NS 

(NS)  - 

(NS) 

(SIG) 
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TABLE  8.  Biochemical  Results  from  Analysis  of  Lavage  Fluid 


Table  9  CTTOLOGICAL  ANALYSIS  OF  B&ONCHOALVEOLAR  LAVAGE  FLUID 


24  Hour  Post  Exposure 


VBC 

xl03 

TOTAL 

xl04 

VIABILIITY 

% 

MACROPHAGE 

% 

LYMPH 

% 

PMNS 

% 

ootmoL 

z  2.22 

4.34 

97 

98 

2 

0 

s  0.50 

1.51 

2 

1 

0 

SYNTHETIC 

z  2.40 

5.18 

95 

56 

1 

43 

s  0.46 

0.89 

7 

0 

7 

NATURAL 

z  3.37* 

6.10 

94 

46 

2 

52 

s  0.73 

1.26 

10 

1 

10 

TITANIUM 

z  1.45 

6.22 

96 

85 

4 

11 

OXIDE 

s  1.20 

2.07 

15 

5 

11 

14  DAY  POST 

EXPOSURE 

CONTROL 

z  2.00 

4.41 

98 

97 

2 

1 

s  0.66 

1.11 

2 

1 

1 

SYNTHETIC 

z  2.13 

5.29 

98 

92 

3 

5 

s  0.43 

1.01 

7 

3 

4 

NATURAL 

z  2.58 

6.12* 

99 

92 

2 

6 

s  0.57 

0.61 

4 

1 

4 

TITANIUM 

z  1.88 

3.67 

98 

94 

2 

4 

OXIDE 

s  0.42 

0.53 

3 

2 

3 

*  significant  p-0.05  (t*test) 
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3.4 


Pathological  Evaluations 

The  complete  pathology  report  from  Pathology  Associates  Inc.  Is  contained  in  Appendix  F. 
The  gross  observations  noted  at  the  time  of  necropsy  indtoated  that  several  of  the  graphite 
exposed  rats  had  discolored  or  mottled  lungs.  There  were  no  apparent  differences  in  body  or 
organ  weights.  The  organ/body  weight  ratios  are  summarized  in  Appendix  D. 

Treatment  related  changes  were  present  in  die  hings  of  aH  exposed  rats  consisting  of 
brown  to  black,  isotropic  pigment.  At  24  hours  PE  in  ail  cases,  the  pigment  was  present  either 
free  or  within  macrophages  in  terminal  airways  and  aivsoii.  Microsoopicalty,  the  three  types 
of  pigment  were  indistinguishabie  from  each  other.  There  was  no  pigment  in  the  peribronchial 
lymph  nodes  and  no  adverse  tissue  reaction  to  it.  By  14  days  PE,  there  was  no  free  pigment 
(extraoeNuiar)  in  the  lungs  of  the  exposed  rats.  Again,  the  three  types  of  pigment  were 
indtotfeiguishabie;  however,  in  the  graphite  e)^)osed  rats,  the  pigment-laden  macrophages  tended 
to  be  aggregated  in  small  groups  more  than  in  the  titanium  dtoxide  exposed  rats.  The  only  other 
changes  were  two  minimal  fod  of  epithelial  hyperplasia  in  the  alveoli  and/or  the  terminal 
bronchioles  of  three  rats  exposed  to  synthetic  graphite  and  one  rat  exposed  to  titanium  dioxide. 
The  pigmented  macrophages  were  not  associated  with  the  hyperplasia.  It  was  concluded  that  the 
degree  of  pigmentation  was  mild  in  all  exposed  rats  and  nearly  identical  within  and  between 
groups. 

All  tissues  and  original  data  are  stored  in  the  archives  of  CRDEC,  Research  Directorate, 
Toxicology  Division. 


4.  DGCUSSION 

Inhalation  exposure  of  Fischer  344  male  rats  to  100  mg/m^  of  titanium  dioxide, 
natural  and  synthetic  graphite  dusts  for  4  hrs/day  for  four  days  resulted  in  minimal  adverse 
effects.  There  were  no  adverse  toxic  signs  following  exposure,  no  mortality  and  no  consistent 
pulmonary  function  changes.  All  the  rats  gained  weight  at  the  same  rate  as  foe  controls.  BAL 
analyses  resulted  in  increases  in  protein  for  all  three  materials;  focreases  in  B-Glu  and  ALKP 
for  both  graphites;  and  increases  in  LDH  for  natural  graphite  at  24  hours  PE.  The  increase  in 
LDH  is  reported  to  be  indicative  of  damage  to  foe  pulmonary  Type  I  cells  while  ALKP  increases 
may  be  correlated  with  Type  II  cell  hyperplasia.(9)  Type  li  ceil  hyperplasia  was  only  obsenred 
in  three  rats  at  14  day  PE,  two  from  the  synthetic  graphite  exposed  group  and  one  from  the 
titanium  dioxide  exposed  groi^.  This  effect  was  observed  in  a  previotK  study  where  rats  were 
exposed  to  100  mg/m^,  2  hours/day,  5  days/wk  for  two  weeks.(2)  Perhaps  a  fonger  repeated 
exposure  would  have  resulted  in  more  Type  II  cell  hyperplasia  in  this  study.  Since  Type  II  cells 
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are  the  progenitors  of  Type  I  ceils  (10).  this  would  be  an  indicator  that  the  damaged  alveolar 
epithelium  is  undergoing  repair  and  repiaoement.  The  graphite  e)^»sed  rats  also  had  increases 
in  B-Glu  which  is  a  lysosomal  enzyme  released  by  phagocytic  ceils  in  response  to 
inflammation.(ll)  These  enzymatic  changes  correlate  with  the  BAL  cytoiogical  profile  (i.e. 
increases  in  PMN  and  total  nucleated  cells),  which  are  indteative  of  an  inflammatory  response. 
By  14  days  PE,  all  BAL  alterations  were  resolved. 

The  hMopathological  evaluation  revealed  mfld  lung  pigmentation  in  all  the  exposed  rats 
with  more  aggregttes  of  pigment  in  the  graphite  exposed  rats  at  14  days  PE.  The  macrophages 
seen  in  the  alveoli  appear  to  be  actively  phagocytizing  aH  three  materials.  There  was  no 
decrement  in  macrophage  viability  which  is  in  agreement  with  previous  studies  with  synthetic 
graphite  and  titanium  dioxide.(12)  No  pigment  was  observed  in  the  peribronchial  lymph  nodes; 
this  was  expected  since  in  prior  inhalation  studies  w^h  grs4)hite  pigmentation  in  the  lymph 
nodes  was  not  evident  until  3  months  PE.  Clearance  these  dusts  may  be  a  slow,  protracted 
process. 

The  BAL  changes  seen  after  repeated  exposure  to  graphite  were  more  severe  than  the 
changes  following  a  single  exposure.  Previous  acute  inhalation  exposure  to  graphite  resulted  in 
minimal  cytoiogical  chartges  reversible  by  14  days  PE  and  no  enzymatic  BAL  clianges.(l) 
However,  the  BAL  response  in  this  study  is  mild  compared  to  the  dramatic  inflammatory 
reactions  observed  in  acute  studies  with  brass  powder(13),  and  is  not  as  persistent  as  the 
effects  seen  with  aluminum(13)  and  quartz.(14)  In  the  latter  study  following  a  single  100 
mg/m^  inhalation  exposure  to  quartz,  BAL  enzymes  were  elevated  two  to  five  hundred  percent 
over  controls  at  3  days  and  3  months  PE.  The  changes  with  graphite  were  minimal  and 
reversible. 

The  repeated  inhalation  studies  in  this  report  and  the  previous  acute  inhalation  exposure 
to  synthetic  graphite  even  at  very  high  concentrations  (500  mg/m^)  does  not  result  in  any 
permanent  effects.  This  is  in  agreement  with  the  OSHA  (15)  and  Documentation  of  TLVs  (3) 
guidelines  which  regard  synthetic  graphite  as  a  nuisance  dust.  The  higher  quartz  content  (>1%) 
of  natural  graphite  supposedly  accounts  for  the  greater  risk  of  developing  fibrosis;  thus, 
natural  graphite  is  assigned  a  TLV  of  2.5  mg/m^.  However,  this  hypothesis  is  not  conclusive;  a 
survey  of  the  literature  on  the  etiology  of  ooal-workers’  pneurrtoooniosis  (CWP)  reveals 
uncertainty  as  to  what  part  quartz  plays  in  pathogenesis.(16)  Several  studies  in  animals  have 
implicated  quartz  as  the  causative  factor  in  mixed  dust  fibrogenesis.  Martin  et  al.  (17)  found 
ooliagen  formation  after  18  months  in  the  lungs  of  rats  that  had  inhaled  a  coal  mixture  with  5% 


34 


quartz  for  90  days.  At  concentrations  above  10%  quartz,  the  formation  of  fibrotic  nodules  and 
ooNagen  occurred  at  a  rate  five  times  higher  than  coal  alone.  Further  confirmation  of  this 
theory  was  demonstrated  by  Schlipkoter  et  al.  (18)  in  experiments  where  quartz,  coal  and 
titanium  dioxide,  alone  and  In  mixtures,  were  administered  to  rats  Intraperitoneally.  Rbrosis 
was  induced  when  quartz  was  added  to  the  mixtures  and  the  authors  concluded  that  whenever 
quartz  is  present  in  a  particular  mine  dust  producing  CWP  ,  it  should  be  considered  the 
dangerous  agent.  This  interpretation  according  to  Parkes  (16)  is  contradicted  by  a  number  of 
obsenrations  in  human  beings.  Both  simple  pneunwooniosis  (benign  dusty  lung)  and 
progressive  massive  fibrosis  have  occurred  in  men  exposed  to  artificial  or  quartz-free 
graphite.(19-21)  In  each  case,  quartz  was  absent  or  less  than  1%  in  the  lungs;  therefore, 
such  instances  imply  quartz  is  not  the  pathogenic  foctor.  The  controversy  is  more  than  an 
academic  debate  since  occupational  exposure  standards  are  based  upon  the  quartz  content  of  the 
dust  in  question  (eg.  graphite).  Recent  epidemiolog'ical  studies  in  British  mines  showed  that  an 
apparent  increase  in  the  prevalence  of  pneumoconiosis  with  increasing  quartz  exposure  is 
reversed  in  the  presence  of  high  day  mineral  exposure  (aluminum  silicate  days  are  known  to 
inhibit  silicosis)  and  that  mass  concentration  of  respirable  dust  is  the  best  exposure  index  when 
the  quartz  content  does  not  exceed  7.5%.  This  "mass*  effect  of  dust  exposure  has  been  recently 
deriKmstrated  by  the  results  of  chronic  inhalation  studies  conducted  with  titanium  dioxide.  Lee 
et  al.  (22)  found  fibrosis  and  bronchoalveolar  adenomas  in  the  lungs  of  rats  exposed  to  250 
mg/m^  of  titanium  dioxide  for  6  hrs/day,  5  days/wk,  for  2  years.  The  pulmonary  lesions  were 
the  result  of  overwhelming  the  lung  dearance  mechanisms. 


5.  00NCLU90NS 

Repeated  inhalation  exposure  of  Fischer  344  rats  to  100  mg/m^  of  titanium  dioxide, 
natural  graphite,  and  synthetic  graphite  for  4  hours/day  for  four  days  resulted  in  a  mild 
infiammafory  response  24  hours  PE.  BAL  changes  were  the  most  sensitive  indicator  of 
damage*3ithough  the  enzymatic  and  cytological  alterations  were  evident  with  all  three  materials, 
there  were  greater  increases  with  the  graphite  dusts.  Even  though  the  graphite  dusts  and 
titanium  dtoxide  were  still  present  in  the  alveolar  macrophages  of  each  respedive  group  of 
rats,  by  14  days  PE,  all  BAL  changes  were  resolved.  This  seems  to  indicate  that  the  initial 
period  of  inflammation  had  ceased  and  a  slow  dearance  was  in  process.  There  appears  to  be  no 
deleterious  tissue  reaction  to  any  of  the  materials  at  the  levels  tested  In  this  study. 
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In  this  experiment,  synthetic  graphite,  natural  graphite,  and  titanium  dioxide  meet  the 
criteria  of  the  ACIGH  for  a  nuisance  dust:  (1)  the  architecture  of  the  air  spaces  remained  intact; 
(2)  collagen  (scar  tissue)  was  not  formed;  and  (3)  the  tissue  reaction  was  potentially 
reversft)le.  Repeated  exposure  to  graphite  dust  results  in  more  pulmonary  damage  than  single 
exposures.  If  the  nuisance  dust  TLV  (10  mg/m^)  is  exceeded,  respiratory  protection  should  be 
utilized, 

AddWonal  studies  should  be  conducted  to  investigate  the  effects  of  subchronic  inhalation 
exposure  to  graphite  dust.  In  these  studies,  a  satellite  group  of  test  animals  should  be  held  6 
months  PE  to  ascertain  the  length  of  time  required  for  dust  clearance. 
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DISPOSITION  FORM 


•••  **  340-19  »»•  xop^wwi  •*»€«  ••  TAGO _ 


HtrifitNCC  OH  oriticf  svMaol  susjicr 

SMCCR-RST-E  (70-lp)  Amendment  to  Protocol  Entitled,  "Comparative  Acute 

Inhalation  Screen  of  Iron  Oxide  and  Graphite  Oust" 


HVSO 

ATTN:  Chairman.  UURC 


Chief,  Environ  Tox  Br° 


7  Dec  87  ’ 

Dr.  Thomson/rl p/3762 


1.  Request  amendment  to  subject  protocol  to  substitute  the  use  of  titanium  dioxide  (TIO2) 
for  iron  oxide. 

2.  Due  to  technical  difficulties.  Iron  oxide  dust  could  not  be  generated  at  the  concentra¬ 
tion  for  the  duration  required.  TIO2  Is  a  nuisance  dust  that  meets  the  requirements  of 
the  sponsor,  US  Army  Biomedical  Research  and  Development  Laboratory. 

3.  Enclosed  Is  a  copy  of  the  material  safety  data  sheet. 

4.  The  principal  Investigator  Is  Or.  Sandra  Thomson,  x3762. 


JOHN  T.  WEIMER 

Chief,  Environmental  Toxicology  Branch 


SMCCR-HV  (15- la) 

TO  SEE  DISTRIBUTION 


FROM  CDR,  CRDEC 


DATE  9  Dec 


CMT  2 


The  Amendment  to  Protocol  Entitled  "Comoaratlve  Inhalation  Screen  of  Iron  Oxide  and  Graphite 
Ousts,  37PP7870,"  has  been  reviewed  and  administratively  approved  by  the  Chairman,  LAURC. 


FOR  THE  COMMANDER 


CARL  W.  JOHNSON 
LTC,  MS 

Chief,  Hlth  &  Vet  Svcs  Ofc 


DISTRIBUTION: 

SGRD-UV-V/  LTC  G.  Jaax 
SGRD-UV-VC/LTC  Wall/CPT  Hayward 
SGRO-UV-VM/MAJ  Marlow 
SMCCR-RST-E/LTC  Bertsch 

SMMCR-RST/LTC  Llebenberg,  Or.  James,  Mr.  Manthel,  Dr.  Olajos 
SMCCR-HV/  Dr.  Lock 
USAEHA/MAJ  Yarbrough 


DA  iSSt.  2496 
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DESCRIPTION 

TITANOX  3020  pigment  is  a  free  flowing,  coarse  particle  size,  high  purity  grade  of  titanium  dioxide  designed 
specifically  for  the  various  glass  manufacturing  processes. 


TYPICAL  PHYSICAL  PROPERTIES 

Crystal  Structure 
Bulk  Density,  pounds 
per  cubic  foot 
Moisture 

Typical  Composition 
TiOj 
Iron 

Chromium 

Vanadium 

Typical  Particle  Size 
-•■35  Mesh 
-r325  Mesh 


Principally  Rutile 
75 

0.7%  maximum 


9d.5% 
SO  ppm 
5  ppm 
IS  ppm 


35% 

75-85% 


APPLICATIONS 

■  CONTAINER  AND  FLAT  GLASS:  As  a  component  of  the  glass  batch,  TITANOX  3020  pigment 
often  lowers  the  melting  point  concurrently  reducing  the  high  temperature  viscosity  which  can  result 
in  operating  economies.  In  the  finished  glassware,  the  use  of  TITANOX  3020  pigment  results  in 
decreased  transmission  in  the  ultraviolet  range  -  or,  in  colored  glasses,  shifts  the  transmission  in  the 
visible  region  to  longer  wave-lengths.  TITANOX  3020  pigment  improves  the  chemical  durability  of 
glass  -  especially  in  acidic  environments.  The  brilliance  of  glass  is  improved  by  an  increase  in  the 
refractive  index  and  dispersion  of  the  glass. 

■  GLASS  BEADS:  Owing  to  its  excellent  handling  qualities,  chemical  purity  and  high  index  of 
refraction.  TITANOX  3020  pigment  is  recommended  for  the  manufacture  of  reflective  glass  beads. 

■  OPTICAL  GLASS:  TITANOX  3020  pigment  finds  application  in  optical  or  specialty  glasses 
where  purity  of  the  raw  materials  is  essential.  Refractive  index  and  dispersion  of  the  glass  can  be 
controlled  by  use  of  TITANOX  3020  pigment. 
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MESSED  OA IMALIEO  INCLUOmO  WAAAANTV  QA  MEACMANTASILl'nr  AND  FITNESS  FOA  USE 
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CT'i’C.  I 


0  ■!  U  5  • 


Chamicals  MATERIAL  SAFETY  DATA  SHEET 


sccnoNi 


0«ir(m»443>24t1 

Eiiwg  «  a*  hn.  («M)  44MOOO 

CHenmec  m  4tMaoo 


P.O.  BOX  10M.  WYCOFF  MILLS  BO..  HIGHTSTOWN.  N.J.  0SS20 


Ml 


SECTION  II  •  HAZARDOUS  INGREDIENTS 


^APon  p*»essu«£ 

'*  mm  HQ  a  68** 


ritanitn  Dioxids 

Standud.  29  CFR  1910.1000 
Tabla  2-1 

a  nuiaanoa  dust  -  AOGZH 


SECTION  Hi  -  PHYSICAL  DATA 


liNQ  OAFlQt 

/A 


1 

VAFOF  OCNSITV 

1 - ' 

EVAPORATION  rate 

VOLATIte 
BY  volume 

G  Mf  AVtlF  0  LIGhTEB  Than  AiA  I 

^ -  N/A  — 

1  .  SiS'EA  _  «LOWC«  than  EThEF  .1 

NA 

SECTION  IV  •  FIRE  AND  EXPLOSION  HAZARD  DATA 

[OOTCATIOOAY 

^  Kazaxdoua 

*laSh  point 

NA 

Lit 

NA 

ixri»iou*SH»NG  wfOtA 

G  W*TC«.«>G  G  FOAM  G  OTm£B 
C  CAnaON  oioxioc  G  0"y  cmemicai. 


SECTION  V  -  REACTIVITY  DATA 


STAtiLiTv  CONDITIONS  TC  avO'D 

□  ONSTASte  ^  STABUe 


EoawT*»t.'’y 
ktiaiMS  TO  Avoioi 


MAIAAOOUS  0fCOM»O»TIOM  FAQOUCTS 

Mona. 


N'A-NOT  AFFLICABLE 

Appendix  A 


•  COMPONENTS  «N  TSC8  INVENTOPT 


SECTION  VI  •  HEALTH  HAZARD  DATA 


SECTION  VII  •  SPIU  OR  LEAK  PROCEDURES 


TAllfV  NCASi  • 


ClMii  araa  ratasning  all  material  poMible  to  oontainer. 


MASff  3'SMSAi.  Mft-00 


DiepoM  in  aoooKdanoe  with  federal,  state  or  local  regulations. 


SECTION  VM  -  SPECIAL  PRCnECTION  INFORMATION 


NXQ6B  approved  ze^iratozy  protection  must  be  used  in  aooordanoe  with  existing  standards. 
Use  NIOSH  approved  respirator  if  TLV  is  exceeded. 


Provide  as  zecpiired  to  keep  TLV  below  acceptable  limits. 
«i  Yes. 

(’(Mc’cc'c^  Yes.  Goggles. 

o'.fa  Morcc' «( (0(. 'M^None  specisl. 


SECTION  IX  •  SPECIAL  PRECAUTIONS 


MiCCauriOMS  TO  $e  TMfN  in  hahol'NG  *no  sroaiNC 


Avoid  bzeatidng  dust. 


Use  with 


ailing 

advjuai 


OTMCN  •MiCAU'lONS 


Hone. 


te  ventillaticn. 


NPCk  Hazardous  Materials  Identification  Svaten  (WIS); 


Health  1;  Flaaeability  0;  Reactivity  0;  Personal  Protection 
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RESEARCH  PROTOCOL 


TITLE;  Comparative  Acute  Inhalation  Screen  of  Iron  Oxide  and  Graphite  Duats 

DIRECTOR/DIVISIOW;  Toxicology  Division,  Research  Directorate,  Chemical 
Research  Developisent  and  Engineering  Center,  Aberdeen  Proving  Grolund,  MD 
21010-5^23. 


RESPONSIBLE  INVESTIGATOR (S ) : 
Principal  Investigator: 


Co- Investigators : 


Quality  Assurance: 


Branch  Chief: 


Division  Chief: 


Sandra  Thomson,  Ph.D. 


is  Johnson 


^n  T.  Heimer 
Chief,  Environ  Tox 


Harry  Sal^,  h>.D. 

Chief,  Toxicology  Division 


Director; 


J.  PoxlOMk,  ^.1^. 
director,  Researoh 


SPONSOR;  D.S.  Army  Biomedical 
Researoh  and  Development 
Laboratory,  Fort  Derrick,  MD 


Dr.  Dieklnsoa~Burroiis 


/S 

Date 


MAMAGEICHT  DATA: 

Project  No. 

Protocol  No.  Sn 
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Job  Order  Ho. 

Start  Date:  July  19d7 
Cofflplet^n  Date:  September  1987 

1.  BACKGROUND; 


Synthetic  and/or  natural  graphite  dust  may  have  military  applications 
which  could  result  in  inhalation  hazards.  CRDEC  has  tested  synthetic  (Asbury 
Micro  260)  and  natural  (Asbury  Micro  650)  graphites  and  found  that  acute 
inhalation  exposure  resulted  in  mild  reversible  inflammatory  response  at  high 
concentrations  (500  mg/m3)  for  the  synthetic  material.  A  repeated  Inhalation 
study  with  the  synthetic  graphite  also  showed  more  changes  at  a  lower 
concentration  (100  mg/ffl3)  reversible  at  3  isonths  post-exposure  (PE).  The 
acute  inhalation  study  for  the  natural  graphite  is  still  in  process  but 
initial  results  at  24  hrs  PE  showed  greater  bronohoalveolar  lavage  (BAL) 
changes  compared  to  the  synthetic  material.  A  repeated  (14  day)  comparison 
study  of  the  natural  graphite  is  planned  to  better  define  the  differences 
between  the  natural  vs.  synthetic  graphite  materials. 

USAMBRDL,  the  sponsor  for  this  study  has  suggested  an  additional 
experiment  to  differentiate  the  physiologic  vs  pathologic  (toxic)  response  to 
dust  loading  of  the  lung.  In  this  experiment,  the  effects  of  natural  and 
synthetic  graphite  will  be  compared  to  iron  oxide  dust.  Epidemiologic  and 
animal  studies  have  shown  iron  oxide  to  be  noncarcinogenic^.  The  pulmonary 
effect  of  iron  oxide  is  slderosis  (iron  pigmentation)  without  physical 
disability;  however,  the  time  weighted  average  TLV  has  been  reduced  to  5  mg/m3 
(total  particulate  as  Pe)  to  prevent  development  of  x-ray  changes  in  the  lung 
on  long-term  exposure2.  The  short-term  exposure  limit  (STEL)  has  been 
eliminated  until  additional  toxicological  data  and  industrial  hygiene 
experience  becomes  available  to  better  define  the  basis  for  a  STEL.^ 

The  synthetic  graphite  used  in  this  study  is  Asbury  Micro  260  (less  than 
in  silica)  and  the  natural  graphite  is  Asbury  Micro  650  (1.85>  silica);  both 
contain  neglible  amounts  of  contaminants  (end  1).  The  iron  oxide  selected  is 
iron  oxide  (R-2999RP,  99.6*  pure),  a  gift  from  Pfizer,  Inc.  Minerals,  Pigments 
and  Metal  Division,  Easton,  PA  (end  2).  This  iron  oxide  iS  the  same  material 
used  by  Beck  et.  al.  in  their  intratracheal  instillation  studies  where  they 
showed  that  toxicity  indicators  for  iron  oxide  approached  control  levels  four 
days  following  exposure. 3  This  suggests  pure  iron  oxide  acts  as  a  "nuisance 
dust"  producing  reversible  tissue  reaction,  no  increases  in  collagen  nor 
changes  in  the  architecture  of  the  air  spaces  as  defined  by  ACXSIH.^ 

2.  HYPOTHESIS; 

Airborne  exposure  of  rats  to  equal  concentrations  of  natural,  synthetic 
graphites  and  iron  oxide  will  produce  no  significant  hlstopathologioal 
differences  in  the  lungs  of  exposed  animals. 
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3.  MATERIALS  AND  METHODS; 


Cxperl9i«»tal  Design: 

Groups  of  20  male  Fischer  rats  will  be  exposed  by  inhalation  to 
100  mg/m3  of  natural  graphite,  synthetic  graphite  and  iron  oxide  on  four 
consecutive  days,  four  hours/day.  Fischer  3^*1  rats  are  the  species  of  choice 
because  they  were  used  in  previous  studies  with  graphite.  Microscopic 
evaluation  of  the  respiratory  tract  and  major  organs  will  be  done  at  two  time 
periods  post-exposure  (PE)  in  the  following  manner: 


Material 

#  of  Rats 

1  day  PE 

1U  days  PE 

Micro  260  (Synthetic) 

10 

10 

Micro  650  (Natural) 

10 

10 

Iron  Oxide 

10 

10 

Control 

10 

10 

Species:  Rat 
Breed:  Fischer  3^^ 

Total  #  85  (5  additional  rats  are  required  for  quality  assurance). 

Sex  and  Age:  Male,  12  weeks,  175o200g 

4.  CHAMBER  OPERATION  AND  SAMPLE  COLLECTION; 

The  rats  will  be  exposed  in  four  1000  liter  Hazelton  chambers  located  in 
Bldg  E3266,  Room  3« 

The  dusts  will  be  delivered  to  the  intake  of  the  dhamber  by  a  Jet-O-Mizer 
aerosol  generator.  The  concentration  in  the  chamber  Is  maintained  by  varying 
feed  and  blower  speeds  of  the  generator  and  chamber  air  flow  and  is  monitored 
via  gravimetric  methods.  Sampling  is  conducted  at  a  rate  of  5  L/mlnute  for  10 
minutes  for  each  sample  6-12  times  during  each  exposure.  Prior  to  the  start 
of  exposures,  calibration  of  chambers  will  be  conduoted  to  assure  a  stable 
concentration.  Pre-filtered  room  air  is  the  air  source  and  the  tem)erature 
and  humidity  of  the  chamber  is  maintained  at  22<%  ♦  2°  and  3G  -  70f , 
respectively  (in  accordance  with  OECD  guidelines).  The  air  flow  is  maintained 
to  insure  chamber  oxygen  content  of  at  least  19f.  The  exhausted  air  is 
filtered  through  another  particulate  filter. 

The  Mass  Median  Aerodynamic  Diameter  (M1A0)  will  also  be  measured  for 
each  concentration  using  a  Sierra  Cascade  impactor.  The  particle  size  is 
expected  to  be  within  a  respirable  range. 

5.  TECHNICAL  METHODS; 

5a.  Animal  Holding 

The  rats  will  be  housed  in  stainless  steel  suspended  cages  in  racks 
within  the  chambers.  The  Hazelton  systoo  is  designed  and  has  been  tested  to 
hold  animals  under  uniform  light,  temperature  (22^  ^  2^C)  and  humidity  (30  - 
70%)  conditions  (Beethe  et.  al.,  1979).^  Two  weeks  ^rior  to  the  start  of  the 
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experimental  period  the  animala  will  be  acclimate'  to  the  chambera.  Certified 
Commercial  rodent  diet  and  water  will  be  available  lib.  Cage  fecal  trays 
will  be  changed  daily  and  exposure  chambers  will  be  cleaned  immediately 
following  each  day's  exposure.  During  this  period  the  test  animals  will  be 
transferred  to  clean  cages  in  Bioclean  laminar  flow  units. 

5b.  Handling  During  Testing 

Animals  will  be  randomized,  weighed  and  tattooed  prior  to 
exposure.  An  on-call  veterinarian  will  be  consulted  if  the  animals  appear  to 
suffer  undue  distress  or  disease  processes  during  the  course  of  the 
experiment.  Toxic  signs  will  be  observed  and  recorded  before  and  after  the 
exposure  period.  Animals  will  be  weighed  at  weekly  intervals  before  and 
during  the  experimental  phase  and  post-exposure  periods. 

At  the  end  of  the  experimental  period,  all  scheduled  rats  will  be 
submitted  and  euthanatized  with  carbon  dioxide,  necropsied  and  their  tissues 
prepared  for  light  microscopic  examination  by  Path.  Assoc.  Inc.  in  accordance 
with  contract  #DAAA 15-85-0002.  During  necropsies,  the  animal  total  body 
weight  and  the  following  organ  weights  will  be  recorded:  heart,  lung,  liver, 
kidneys  and  gonads. 

5c.  USDA  Pain  Category:  No  Pain 
6.  DATA  ANALYSIS  PLAN: 


Data  analysis  will  be  conducted  according  to  a  statistical  "decision  tree" 
as  described  by  Gad  and  Weil  (1984).®  First,  Bartletts’s  Test  for 
hofflogenlcity  of  variance  will  be  used  as  a  check  of  the  assumption  of 
equivalent  variances,  followed  by  the  use  of  ANOVA  (analysis  of  variances). 
Non-parametric,  heterogeneous  data  will  be  analyzed  by  the  ICruskal-Wallis  non- 
parametric  ANOVA.  Finally  Duncan's  Multiple  Range  Test  will  be  used  on 
parametric  homogeneous  data  to  identify  significantly  different  groups. 

7.  COORDINATION: 


a.  Pathology.  Prior  to  the  start  of  the  experiment,  there  will  be 
coordination  with  USANRICD,  Veterinary  Medicine  &  Surgery  Branch,  for  animal 
procurement,  identification,  and  health  certification;  and  with  Pathology 
Associates  Inc.  for  gross  necropsies  and  preparation  of  slides  for 
histopathology.  Slides  will  be  prepared  and  read  by  Pathology  Associates 
Inc.,  our  designated  contractor.  Necropsies  of  spontaneous  deaths  will  be 
coordinated  with  USAMRICD,  Comparative  Pathology  Branch. 

b.  Animal  Requirements 
Species:  Fischer  344  Rats 

Sex,  Weight,  Age:  Male,  12  wks.  old,  175-200g 
Total  number:  85 
Starting  date:  July  1987 


t 
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e.  Cost  Accounting 


Job  Order  #: 

ProJecT#: 

8.  This  study  will  be  consistent  with  Good  Laboratory  Practice.  Maintenance 
and  use  of  aniaals  will  be  in  accordance  with  the  guidelines  contained  in  NIH 
publication  85-23  (Guide  for  the  Care  and  Use  of  Laboratory  Animals). 

a.  Control  of  Bias:  Every  reasonable  attempt  will  be  made  to  control 
bias  throughout  the  experiment.  Animals  will  be  rotated  within  the  chamber  on 
a  scheduled  pattern.  Since  there  will  be  dust  deposition  on  the  exposed 
animals,  it  will  be  obvious  to  the  technicians  recording  toxic  observations 
which  animals  are  exposed. 

b.  Record  Maintenance:  All  chamber  analysis  data,  toxic  obervations  and 
animal  weights  will  be  recorded  in  official  CRDEC  notebooks.  All  other 
associated  raw  data  (statistical  printouts,  necropsy  Incidence  tables,  etc.) 
will  be  stored  in  the  CRDEC,  Research  Dir,  Toxicology  Dlv  Archives. 
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LABORATORY 

or 

Asbury  Graphite  Mills,  Inc. 

Aabury,  Warren  County,  N.  J.  *  TelopKono:  (201)  S37>21S5 


Ann  lysis  No. 

Grade  No.  Micro  ?2  60 
Sample  Taken  From 


TYPICAL  CHEMICAL 

ANALYSIS 

Carbon 

99.9% 

Ash 

0.1 

Sulfur  Not 

Detectable 

CHFMICAfc-  ANALYSIS  OF  A.SII 

Si 

0.008 

A1 

0.0009 

Fe 

0.009 

Ca 

0.011 

Ti 

0.003 

Mg 

0.0001 

TYPICAL  PHYSICAL 

ANALYSIS 

Carbon 

99% 

.  Wt/cu/in. 

2.67  grans 

Fisher  Sub-Sieve  Sizer  A.P.D. 


.61  microns 


Asbery  Grapkitc  Mifls,  lac. 

These  percentaces  are  not  guaranteed,  they  are  C.  Drochini 

included  only  to  indicate  the  approxinate  physical  By 

and  chenical  analysis. 

Date 
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REPORT  OF  ANALYSIS 


LABORATORY 

or 

Asbury  Graphite  Mills,  Inc. 

Aaburjr,  Warren  County,  N.  J.  *  Telophono:  (201)  S37>21SS 


Analysis  No. 

Grade  No.  Micro  6S0 
Sample  Taken  From 


MICRO  #650 


TYPICAL  ANALYSIS 


SIZE  AND  CARBON  DATA 


Fineness 
•325  Mesh 
Carbon 
Ash 


.54  Microns  A.P.D. 
100\ 

96.60% 

3.40% 


Fineness  .50  to  .60  Microns  A.P.D. 
as  detersiined  by  a  Fisher  Sub>Sieve 


Sixer. 
♦325  Mesh 
•325  Mesh 
Carbon 
Ash 


None 

100% 

95%  Min. 

5%  Max. 


GENERAL  CHEMICAL  ANALYSIS 


Moisture  .05% 
Volatile  .10% 
Carbon  96.20% 
Ash  3.65% 

COMPOSITION  OF  ASH 

Silica  1.85% 
Aluaina  .95% 
Iron  Oxide  .30% 
Calciua  Oxide  .20% 
Manganese  Oxide  .05% 
Sulphuric  Trioxide  .10% 
Potassium  Oxide  .10% 


Than*  percentages  are  not  guaranteed, 
they  are  included  only  to  indicate  the 
approximate  physical  and  chemical 
analysis. 


Aabery  GnphHe  MUi,  be. 
By  *•« 

Dab 
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ForiiMOtIMstann.fM  Afl340'iS.  proponent  agancyiaTAGO 

NiFfRCNCf  OR  OFFCE  SVMtOL 

SMCCR-RST-E 

SUBJECT 

Addendum  to  Protocol  Entitled,  "Comparative  Acute  Inhalation 
Screen  of  Iron  Oxide  and  Graphite  Dust" 

TO  HVSO 

ATTN:  Chainnan,  LAURC 


FROM  Chief,  Environ  Tox  B)ate 


29  June  87  cmti 
Dr.  Thonison/rlp/37  62 


1.  Request  addendum  to  subject  protocol  to  include  additional  animals  for  bronchoalveolar 
lavage  studies. 

2.  Rationale  for  request  is  as  follows: 

a.  Additional  rats  are  requested  under  F7J4  funding  for  bronchoalveolar  lavage  (BAL), 
since  the  subject  protocol  is  funded  by  USABRDL  and  does  not  include  BAL  studies. 

b.  In  previous  studies,  BAL  has  proven  to  be  the  most  sensitive  indicator  of  pulmonary 
damage,  and  these  additional  studies  would  enhance  the  CRDEC,  Tox  Div  data  base  at  minimal 
cost. 

3.  The  methods  of  analysis  are  previously  described  in  Protocol  #21087000A207. 

4.  The  animal  data  requirement  is  as  follows: 


Material 

Micro  260 
Micro  650 
Iron  Oxide 
Control 


#  of  Rats 

1  day  PE  14  days  PE 


Species:  Rat 
Breed:  Fischer  344 

Total  #:  48 

Sex  and  Age:  Male,  12  wks,  175-200g 

5.  The  principal  investigator  is  Dr.  Sandra  Thomson,  ext  3762. 


JOHN  T.  HEIMER 

Chief,  Environmental  Toxicology  Branch 


DA  rowi 

AUOM 


m  2496 

Appendix  A 


#U.S.  Omwmrmimmmi  ttM 


p’]  •  ‘ 

mi 


APPENDIX  B.  STATISTICS  FOR  CHAMBER  CALIBRATION 


55 


3 

Aerosol  Concentration  (ng/n  ):  Chamber  #2  -  Natural  Graphite 
Null  Hypothesis:  There  is  no  difference  between  sampler  locations 


Location  : 

Southwest 

Center 

Southeast 

Northeast 

N: 

14 

14 

14 

14 

Minimum : 

89.2 

85.6 

87.6 

87 

Mean: 

102.7 

98.29286 

102.05 

98.47867 

Maximum: 

118 

116 

119 

110 

Sum: 

1437.8 

1376.1 

1428.7 

1378.7 

Std .  Dev . : 

10.13744 

9.541284 

10.24843 

9.312454 

Std .  Err . : 

2.709345 

2.550016 

2.73901 

2.488858 

95%  C.L. ; 

5.852186 

5.508034 

5.916261 

5.375934 

Location  : 

N: 

Minimum : 

Mean : 
Maximum: 
Sum ; 
Std .  Dev .  : 
Std.  Err. : 
95%  C.L. : 

Source  of 
Variation 

Northwest 

14 

80.9 

95.55714 

110 

1337.8 

9.56972 

2.557615 

5.52445 

Sum  of 
Squares 

Deg.  of 
Freedom 

Mean 

Square 

F  Value 

Total : 

6689.387 

69 

Between : 

486.625 

4 

121.6563 

1.27 

Within : 

6202.762 

65 

95.4271 

F  (95%)  : 

2.52 

F  (99%). • 

3.65 

Differences  between  means:  NOT  Significant  at  p  <  0.05 
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3 

Aerosol  Concentration  (mg/n  ):  Chamber  43  -  Synthetic  Graphite 
Null  Hypothesis:  There  is  no  difference  between  sampler  locations 


Location  : 

Southwest 

Center 

Southeast 

Northeast 

N: 

13 

13 

13 

13 

Minimum: 

90.4 

90.6 

87.5 

89.3 

Mean : 

106.5846 

105.0462 

104.2769 

105.0769 

Maximum: 

123 

124 

122 

120 

Sum: 

1385.6 

1365.6 

1355.6 

1366 

Std .  Dev . : 

9.261196 

9.770075 

9.359056 

8.911524 

Std.  Err. : 

2.568594 

2.709731 

2.595735 

2.471612 

95*  C.L. : 

5.596966 

5.904504 

5.656107 

5.385642 

Location  : 

Northwest 

N: 

13 

Minimum : 

89.3 

Mean : 

104.0231 

Maximum : 

123 

Sum: 

1352.3 

Std .  Dev . : 

9.817768 

Std .  Err . : 

2.722959 

.  95%  C.L. : 

5.933328 

Source  of 

Sum  of 

Deg .  of 

Mean 

Variation 

Squares 

Freedom 

Square 

F  Value 

Total : 

5387.376 

64 

Between : 

51.9375 

4 

12.98438 

.15 

Within : 

5335.439 

60 

88.92398 

F  (95%): 

2.52 

F  (99%) : 

3.65 

Differences  between  means:  NOT  Significant  at  p  <  0.05 
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Aerosol  Concentration  (mg/m  ):  Chamber  #4  -  Titanium  Dioxide 
Null  Hypothesis:  There  Is  no  difference  between  sampler  locations 


Location  • 

Southwest 

Center 

Southeast 

Northeast 

N: 

10 

11 

11 

11 

Minimum: 

77.8 

75.7 

73.4 

80.4 

Mean: 

101 

100.9636 

94.15455 

101.0182 

Maximum : 

119 

115 

114 

117 

Sum : 

1010 

1110.6 

1036.7 

1111.2 

Std .  Dev . : 

11.69634 

12.85568 

12.13354 

10.44613 

Std .  Err. : 

3.699339 

3.876134 

3.658399 

3.149627 

95%  C . L . : 

8.367905 

8.636028 

8.150913 

7.017369 

Location  : 

Northwest 

N: 

11 

Minimum: 

80 

Mean : 

101.3727 

Maximum : 

114 

Sum : 

1115.1 

Std .  Dev . : 

10.30612 

Std.  Err. : 

3.107413 

95%  C . L . : 

6.923318 

Source  of 

Sum  of 

Deg .  of 

Mean 

Variation 

Squares 

Freedom 

Square 

F  Value 

Total : 

6932.514 

53 

Between : 

422.5625 

4 

105.6406 

*  8 

Within : 

6509.951 

49 

132.8561 

F  (95%) : 

2.61 

F  (99%)  : 

3.83 

Differences  between  means:  NOT  Significant  at  p  <  0.05 
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APPENDIX  C.  PARTICLE  SIZE  DATA 
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Particle 

Size  Sample 

Data  of  Natural 

Graphite  Taken  During 

Calibration 

Stage 

DpSO 

Tare  Wt. 

Sample  Wt. 

mg 

Cumul .  Tot . 

Cumul .  % 

mg 

F 

1  A 

— 

94.90 

95.03 

0.13 

0.13 

0.97 

XU 

usecl““”““ 

9 

.16 

308.01 

— 

0.13 

0.97 

8 

.32 

313.94 

— 

0.13 

0.97 

7 

.53 

310.78 

311.06 

0.28 

0.41 

3.06 

6 

.95 

314.78 

316.18 

1.40 

1.81 

13.49 

5 

1.70 

357.39 

361.16 

3.77 

5.58 

41.58 

4 

2.65 

308.06 

313.33 

5.27 

10.85 

80.85 

3 

4.40 

313.00 

315.52 

2.52 

13.37 

99.63 

2 

11.0 

354.19 

354.24 

0.05 

13.42 

100 

1 

18.0 

303.70 

— — 

Stage 

DpSO 

Tare  Wt. 

Sample  Wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

mg 

F 

— 

102.59 

102.66 

0.07 

0.07 

0.45 

XU 

used””””"* 

9 

.16 

304.90 

— 

0.07 

0.45 

8 

.32 

312.35 

— — 

0.07 

0.45 

7 

.53 

313.50 

313.63 

0.13 

0.20 

1.29 

6 

.95 

309.52 

311.50 

1.98 

2.18 

14.02 

5 

1.70 

357.96 

362.38 

4.42 

6.60 

42.44 

4 

2.65 

308.56 

314.76 

6.20 

12.80 

82.32 

3 

4.40 

355.67 

358.42 

2.75 

15.55 

100 

2 

11.0 

314.76 

— — 

1 


18.0 


312.11 


Particle 

Size  Sample 

Data  Of  Natural 

Graphite  Taken  During 

Calibration 

Stage 

Dp50 

Tare  Wt. 

Sample  Wt. 

mg 

Ctimul .  Tot . 

Cumul.  % 

mg 

F 

— 

97.60 

97.70 

0.10 

0.10 

0.61 

10 

9 

.16 

354.94 

USQu 

0.10 

0.61 

8 

.32 

358.64 

— 

0.10 

0.61 

7 

.53 

309.71 

310.15 

0.44 

0.54 

3.30 

6 

.95 

314.04 

316.62 

2.58 

3.12 

19.09 

5 

1.70 

313.44 

317.83 

4.39 

7.51 

45.96 

4 

2.65 

309.66 

315.64 

5.98 

13.49 

82.56 

3 

4.40 

314.34 

317.19 

2.85 

16.34 

100 

2 

11.0 

314.05 

1 

18.0 

304.36 
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Particl*  Size  Sample  Data  of  Natural  Graphite  Taken  During  Exposure 


Stage 

DpSO 

Tare  Wt. 
mg 

Sample  Wt. 

mg 

Cumul .  Tot . 

Cumul .  % 

F 

i  A 

— 

118.08 

118.20 

0.12 

0.12 

1.05 

XU 

useci*  —  *  •  • 

9 

.16 

308.04 

308.18 

0.14 

0.26 

2.28 

8 

.32 

309.98 

— 

0.26 

2.28 

7 

.53 

313.76 

314.32 

0.56 

0.82 

7.19 

6 

.95 

310.30 

312.84 

2.54 

3.36 

29.47 

5 

1.70 

308.56 

311.53 

2.97 

6.33 

55.53 

4 

2.65 

311.55 

315.02 

3.47 

9.80 

85.96 

3 

4.40 

309.18 

310.71 

1.53 

11.33 

99.39 

2 

11.0 

357.86 

357.93 

0.07 

11.40 

100 

1  O  A 

313.48 

X 

Xo  •  U 

stage 

Dp50 

Tare  Wt. 
mg 

Sample  Wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

F 

— 

106.33 

106.62 

0.29 

0.29 

2.22 

XU 

used 

9 

.16 

314.29 

314.41 

0.12 

0.41 

3.14 

8 

.32 

310.01 

310.19 

0.18 

0.59 

4.52 

7 

.53 

310.66 

311.43 

0.77 

1.36 

10.42 

6 

.95 

311.32 

314.12 

2.80 

4.16 

31.88 

5 

1.70 

309.34 

312.42 

3.08 

7.24 

55.48 

4 

2.65 

312.12 

315.93 

3.81 

11.05 

84.67 

3 

4.40 

312.06 

313.86 

1.80 

12.85 

98.47 

2 

11.0 

313.33 

313.47 

0.14 

12.99 

99.54 

1 

18.0 

355.64 

355.70 

0.06 

13.05 

100 
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Particle  Size  sanple  Data  of  Synthetic  Graphite  Taken  During  calibration 


Stage 

Dp50 

Tare  Wt. 
ng 

Sample  Wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

F 

— 

120.42 

120.45 

0.03 

0.03 

0.27 

10 

_ 

used* 

9 

.16 

304.97 

0.03 

0.27 

8 

.32 

314.39 

314.45 

0.06 

0.09 

0.81 

7 

.53 

309.48 

309.51 

0.03 

0.12 

1.08 

6 

.95 

312.44 

314.00 

1.56 

1.68 

15.15 

5 

1.70 

313.52 

316.72 

3.20 

4.88 

44.00 

4 

2.65 

315.06 

319.73 

4.67 

9.55 

86.11 

3 

4.40 

311.62 

313.09 

1.47 

11.02 

99.37 

2 

11.0 

357.69 

357.73 

0.04 

11.06 

99.73 

1 

18.0 

354.99 

355.02 

0.03 

11.09 

100 

Stage 

Dp50 

Tare  wt. 

Sample  wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

ng 

F 

— 

120.06 

— - 

.... 

10 

used— 

9 

.16 

311.63 

- . 

— — 

8 

.32 

312.34 

— — 

- — _ 

— — 

7 

.53 

308.69 

309.27 

0.58 

0.58 

4.86 

6 

.95 

309.76 

312.38 

2.62 

3.20 

26.82 

5 

1.70 

352.70 

355.92 

3.22 

6.42 

53.81 

4 

2.65 

308.51 

312.86 

4.35 

10.77 

90.28 

3 

4.40 

308.32 

309.48 

1.16 

11.93 

100 

2 

1 

11.0 

18.0 

311.78 

310.74 
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Particle  i 

Size  Sample 

Data  of  Synthetic  Graphite 

1  Taken  During 

Exposure 

Stage 

DpSO 

Tare  wt. 
mg 

Sample  Wt. 

mg 

Cumul .  Tot . 

Cumul.  % 

F 

10 

- — 

119.39 

— — 

used”"”””— ““ 

9 

.16 

308.93 

309.01 

0.08 

0.08 

0.84 

8 

.32 

314.49 

314.59 

0.10 

0.18 

1.90 

7 

.53 

358.99 

359.45 

0.46 

0.64 

6.76 

6 

.95 

310.55 

312.72 

2.17 

2.81 

29.67 

5 

1.70 

308.80 

311.82 

3.02 

5.83 

61.56 

4 

2.65 

309.40 

311.66 

2.26 

8.09 

85.43 

3 

4.40 

309.13 

310.51 

1.38 

9.47 

100 

0 

11  n 

1  'I  'IQ 

« 

1 

XX  •  U 

10  n 

X  X  A  •  &  0 

X 

XO  •  U 

JUo • 

stage 

Dp50 

Tare  wt. 
mg 

Sample  Wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

F 

— 

120.45 

120.67 

0.22 

0.22 

1.01 

XU 

used””””””” 

9 

.16 

304.10 

304.34 

0.24 

0.46 

2.11 

8 

.32 

309.38 

309.71 

0.33 

0.79 

3.62 

7 

.53 

310.15 

311.44 

1.29 

2.08 

9.54 

6 

.95 

312.89 

318.68 

5.79 

7.87 

36.10 

5 

1.70 

308.59 

314.49 

5.90 

13.77 

63.17 

4 

2.65 

309.20 

314.40 

5.20 

18.97 

87.02 

3 

4.40 

350.74 

353.38 

2.64 

21.61 

99.13 

2 

11.0 

308.53 

308.65 

0.12 

21.73 

99.68 

1 

18.0 

311.13 

311.20 

0.07 

21.80 

100 
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Particle  <Sdze  Sample  Data  of  Ti02  Taken  During  Calibration 


Stage 

Dp50 

Tare  Wt. 
mg 

Sample  Wt. 

mg 

Cumul .  Tot . 

C\imul.  % 

F 

10 

— - 

116.93 

117.09 

0.16 

0.16 

0.90 

used”””*”” 

9 

.16 

303.73 

304.10 

0.37 

0.53 

2.97 

8 

.32 

312.79 

313.90 

1.11 

1.64 

9.19 

7 

.53 

312.66 

313.83 

1.17 

2.81 

15.74 

6 

.95 

308.38 

312.16 

3.78 

6.59 

36.92 

5 

1.70 

357.93 

360.81 

2.88 

9.47 

53.05 

4 

2.65 

311.63 

316.50 

4.87 

14.34 

80.34 

3 

4.40 

314.47 

317.84 

3.37 

17.71 

99.22 

2 

11.0 

310.57 

310.71 

0.14 

17.85 

100 

1 

18.0 

355.96 

Stage 

Dp50 

Tare  Wt. 
mg 

Sample  Wt. 

mg 

Cumul .  Tot . 

Cumul.  % 

F 

10 

— 

119.17 

119.37 

0.20 

0.20 

1.65 

used*"*””*" 

9 

.16 

311.63 

0.20 

1.65 

8 

.32 

312.34 

— 

0.20 

1.65 

7 

.53 

308.27 

308.87 

0.60 

0.80 

6.60 

6 

.95 

356.24 

360.16 

3.92 

4.72 

38.91 

5 

1.70 

304.35 

307.85 

3.50 

8.22 

67.77 

4 

2.65 

310.96 

313.51 

2.55 

10.77 

88.79 

3 

2 

4.40 

/I 

314.00 

359.39 

315.36 

1.36 

12.13 

100 

XX  •  V 

1  O  A 

315.08 

X 

xo  •  u 
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Particle«^ize  Sample  Data  of  Ti02  Taken  During  Exposure 


Stage 

DpSO 

Tare  Ht. 
mg 

Sample  Wt. 

mg 

Cumul .  Tot . 

Cumul.  % 

P 

— 

120.46 

120.55 

0.09 

0.09 

0  95 

10 

9 

.16 

303.66 

no u 

303.84 

US0CI***** 

0.18 

0.27 

2.85 

8 

.32 

350.45 

351.01 

0.56 

0.83 

8,77 

7 

.53 

310.13 

311.02 

0.89 

1.72 

18.18 

6 

.95 

311.25 

315.16 

3.91 

5.63 

59.51 

5 

1.70 

311.99 

313.76 

1.77 

7.40 

78.22 

4 

2.65 

314.25 

316.00 

1.75 

9.15 

96.72 

3 

4.40 

312.81 

313.12 

0.31 

9.46 

100 

2 

11.0 

310.36 

— — 

1 

18.0 

355.39 

— — 

Stage 

Dp50 

Tare  Wt. 

Sample  Wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

mg 

F 

10 

— 

118.77 

118.84 

0.07 

0.07 

0.73 

9 

.16 

305.70 

'  4iWV 

used”"“““~' 

0.07 

0.73 

8 

.32 

308.15 

308.58 

0.43 

0.50 

5.21 

7 

.53 

313.02 

313.62 

0.60 

1.10 

11.47 

6 

.95 

309.85 

314.24 

4.39 

5.49 

57.25 

5 

1.70 

314.34 

316.32 

1.98 

7.47 

77.89 

4 

2.65 

310.41 

312.25 

1.84 

9.31 

97.08 

3 

4.40 

313.69 

313.97 

0.28 

9.59 

100 

2 

11.0 

352.07 

— — 

1 

18.0 

355.68 
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Particle  size  Sample  Data  of  Ti02  Taken  During  Exposure 


Stage 

DpSO 

Tare  Wt. 
mg 

Sample  Wt. 

mg 

Qimul .  Tot . 

Cumul.  % 

F 

10 

— 

117.00 

117.26 

0.26 

0.26 

2.03 

used“““““ 

9 

.16 

308.12 

308.27 

0.15 

0.41 

3.20 

8 

.32 

311.77 

312.61 

0.84 

1.25 

9.77 

7 

.53 

313.01 

314.13 

1.12 

2.37 

18.52 

6 

.95 

308.94 

314.08 

5.14 

7.51 

58.67 

5 

1.70 

358.55 

361.52 

2.97 

10.48 

81.88 

4 

2.65 

313.48 

315.37 

1.89 

12.37 

96.64 

3 

4.40 

313.70 

314.13 

0.43 

12.80 

100 

11.0 

'I  1  1  1 

JXX  *  ±D 

18.0 

355.37 

Stage 

Dp50 

Tare  Wt. 
mg 

Sample  wt. 

mg 

Cumul.  Tot. 

Cumul.  % 

F 

1  n 

- — 

100.75 

100.87 

0.12 

used”””**” 

0.12 

1.05 

XU 

9 

.16 

308.62 

308.81 

0.19 

0.31 

2.70 

8 

.32 

309.41 

309.82 

0.41 

0.72 

6.27 

7 

.53 

351.82 

352.76 

0.94 

1.66 

14.46 

6 

.95 

312.69 

317.19 

4.50 

6.16 

53.66 

5 

1.70 

312.18 

315.13 

2.95 

9.11 

79.36 

4 

2.65 

307.32 

309.08 

1.76 

10.87 

94.69 

3 

4.40 

358.26 

358.79 

0.53 

11.40 

99.30 

2 

11.0 

303.63 

303.71 

0.08 

11.48 

100 

18.0 

310.31 

X 
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APPENDIX  D.  ANIMAL  HEALTH  AND  WEIGHT  DATA 
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(133).  They  have  physical  and  chemical  characteristics  typical 
of  the  Heipetoviridae,  including  a  penchant  for  latency.  As 
with  other  cytomegaloviruses,  rat  cytomegalovirus  appears  to 
have  a  predilection  for  salivary  glancte  and  has  also  been  found 
in  lacrimal  glands  (87).  Typical  lesions  include  cytomegaly. 
imnuMiclear  inclusion  bo^  fonnation  in  acinar  or  ductal 
epithelium,  and  mild  nonsuppurative  interstitial  inflammation 
(79,87,128).  Kuttner  and  Wang  (79)  also  showed  that  salivary 
glands  of  affected  wild  rats  contained  infectious  vims  by 
transmilting  disease  by  intraglandular  and  ic  inoculation  of 
several  “young”  rats  with  emulsions  of  submaxillary  gland. 

The  qNzootiology  of  rat  cytomegalovims  has  not  been  well 
studied,  but  virus  and/w  antibody  have  been  detected  in  wild 
rats  in  several  widely  separated  areas  of  the  world  (79,128). 
The  potential  the  vims  has  for  interfering  with  research  has  not 
been  evaluated.  Infection  is  usually  diagnosed  by  histological 
examination.  Anti-viral  antibody  can  be  detected  by  NT  test 
(128),  but  rapid  serological  tests  are  not  available.  Rat 
cytomegalovims  can  be  grown  in  primary  rat  fibroblasts,  rat 
kidney  cells,  and  hamster  kidney  cells  (6,128). 


C.  DNA  Vims  Which  May  Infect  Rats 
Moose  Adenovirus 

We  have  found  that  some  rat  sera  conuin  CF  antibodies  to 
mouse  adenovims,  but  clinical  disease  or  lesions  attribuuble  to 
infection  of  rats  with  this  vims  have  not  been  detected,  and 
vims  has  not  been  recovered  from  rats. 


III.  R.NA  VIRUSES 

A.  Comoavinises  (Sialodacryoadenitis  Virus  and  Rat 
Coronavinis) 

1.  GcsMral 

Coronavimses  are  lipid  solvent-labile,  pleomorphic.  60  to 
220  nm  particles  with  characteristic  clublike  projections 
(corona)  uniformly  arranged  on  their  surfaces.  They  multiply 
in  the  cytoplasm  and  mature  by  budding  through  endoplasmic 
reticulum.  Coronaviridae  are  fairly  species  specific  and  have 
been  identified  as  etiologic  agents  in  diseases  of  humans,  pigs, 
bovines,  rats,  mice,  dogs,  chickens,  and  turkeys.  They  gener¬ 
ally  infect  the  gastrointestinal  tract  and  its  associated  glandular 
organs  and/or  the  respiratory  tract.  Reviews  of  coronavims 
biology  are  available  (17,103).  Two  strains  of  coronavims 
have  been  identified  as  important  pathogens  of  laboratory  rats; 
sialodacryoadenitis  vims  (SDAV)  (15)  and  rat  coronavims 
(RCV)  (120). 
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2.  Hhloty 

In  1 96 1 .  Iiuies  and  Stanton  reported  two  outbreaks  of  clinical 
disease  in  weanling  rats  characterized  by  cervical  edema  and 
“red  tears”  (59).  They  described  the  morphology  of  the  dis¬ 
ease  in  considerable  detail  and  named  it  sialodacryoadenitis 
from  the  characteristic  lesions;  inflammation  and  edema  of 
salivary  and  lacrimal  glands.  Hunt  (58)  described  a  similar 
disease  of  young  rats,  but  inflammation  was  restricted  to  the 
intraorbital  lacrimal  glands  and  was  accompanied  by 
keratoconjunctivitis.  Innes  and  Stanton  suggested  an  infectious 
agent  caused  the  disease,  and  Hunt  detected  acidophilic  intra¬ 
nuclear  inclusion  bodies  in  affected  Hardetian  glands  and  in 
conjunctival  mucosa,  but  viral  isolations  were  not  attempted  in 
either  study.  Ashe  and  co-workers  (3.4)  istdated  a  transmissi¬ 
ble  cytt^thic  viral  agent  from  the  submaxillary  glands  of 
gnotobiotic  rats  that  hemagglutinated  rabbit  erythrocytes. 
Ashe's  vims  apparently  was  not  associated  with  clinical  signs 
or  lesions  in  infected  rats  (see  Section  IV.B).  Jonas  el  al.  (67) 
induced  sialodacryoadenitis  in  germffee  rats  by  imranasal  in¬ 
oculation  of  an  ultrafiltrate  of  diseased  submaxillary  salivary 
gland.  Vims  particles  were  detected  in  ducts  of  submaxillary 
glands  from  experimentally  infected  rats  by  electron  mictD- 
scopy,  but  attempts  to  isolate  an  agent  in  vitro  were  initially 
unsuccessful.  However,  when  neonatal  mice  were  inoculated 
ic  with  submaxillary  gland  homogenate  they  developed  severe 
neurological  deficits  and  died  in  3  to  6  days.  Brain  homoge¬ 
nates  from  affected  mice  caused  sialodacryoadenitis  in  intra- 
nasally  inoculated  rats .  Bhatt  and  co-workers  (15)  subsequently 
isolated  a  vims  from  salivary  glands  of  affected  rats  by  inocu¬ 
lation  of  neonatal  mice  and  primary  rat  kidney  (PRK)  mono- 
layer  cultures.  The  isolate  had  serological  and  physicochemical 
characteristics  of  a  coronavims.  It  was  lethal  for  infant  mice 
after  ic  inoculation  but  not  for  weanling  mice.  Mouse  brain- 
passaged  vims  induced  sialodacryoadenitis  in  susceptible  rats. 

In  1964  Hartley  and  associates  found  that  some  rat  sera  con¬ 
tained  antibody  to  mouse  hepatitis  vims  (MHV)  (51).  They 
suggested  that  an  agent  antigenically  related  to  MHV  could 
elicit  anti-MHV  antibody  in  rats.  P^er  et  al.  (120)  offered 
support  for  Hartley 's  theory  by  isolating  a  coronavims  antigen- 
ically  related  to  MHV  from  lungs  of  infected  but  clinically 
normal  rats.  Parker's  vims  (RCV)  was  subsequently  shown  to 
be  antigenically  related  to  both  SDAV  and  MHV  (15),  and  the 
current  view  is  that  SDAV  and  RCV  may  be  different  strains  of 
one  rat  coronavims.  The  biology  of  each  vims  is  discussed 
separately  in  each  of  the  following  sections. 


3.  Viral  CharacIcrMcs 

a .  SDA  V.  The  diameter  of  SDAV  particles ,  determined  by 
ultrafiltration.  is  100  to  220  nm.  Jonas  ei  al.  (67)  described  a 
60-  to  70-nm  particle  in  ductal  epithelium  of  experimentally 
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mice  developed  NT  antibody  to  SDAV.  whereas  in  inoculated 
niioe  developed  NT  and  CF  antibody.  The  vims  was  recovered 
from  the  respiratory  tract  for  up  to  7  days  postinfection,  and 
mice  develop  interstitia]  pneumonia.  Anti-SDAV  and  anti- 
MHV  antib^  also  has  b^n  found  among  retired  breeder 
mice  from  colonies  thought  to  be  free  of  MHV.  Since  SDAV 
and  MHV  are  antigenically  related.  SDAV  infection  should  be 
considered  if  unexpected  or  unexplained  seroconversions  to 
MHV  occur  in  mouse  colonies.  Serwonvetsions  to  MHV  from 
infection  of  mice  or  rats  exposed  to  human  coronaviruses  ie.g . . 
carried  by  animal  technicians)  also  should  be  considered 
(Hartley  ei  al.,  1964)  but  has  not  been  studied. 

Extensive  host  range  studies  of  SDAV  have  not  been  done, 
but  preliminary  trials  with  several  strains  of  rats  and  mice 
suggest  that  various  strains  of  SDAV  may  vary  in  infectivity 
and  antigenicity  (14).  For  example,  during  sponuneous  out¬ 
breaks,  WAG^j  rats  develof^  severe  clinical  disease, 
whereas  DA  rats  developed  primarily  subclinical  disease.  Fur¬ 
thermore,  some  strains  of  mice  developed  both  CF  and  NT 
antibody  following  experimental  SDAV  infection,  whereas 
others  produced  only  NT  antibody.  Conversely,  one  strain  of 
SDAV  induced  only  NT  antibody  in  a  given  mouse  strain 
whereas  a  second  strain  of  SDAV  induced  both  CF  and  SN 
antibody.  These  variations  are  important  for  interpreution  of 
diagnostic  and  epizootiological  dau. 

b.  RCV.  Host  range  studies  with  RCV  also  have  been  lim¬ 
ited.  Rat  coronavirus  is  infectious  for  rats  and  induces 
seroconversion  to  RCV.  MHV.  and  SDAV  (11.15.120).  Its 
pathogenicity  varies  with  strain  and  age  but  is  greatest  for 
suckling  rats.  For  example,  mortality  among  intranasally  in¬ 
oculated  Rscher  344  rats  less  than  48  h  old  approached  100% . 
whereas  comparable  Wistar  rats  had  only  10  to  25%  mortality. 
Furthermore,  deaths  among  Fischer  344  sucklings  occurred  6 
to  12  days  after  infection,  whereas  Wistar  sucklings  usually 
died  after  12  days.  Resistance  to  mortalirs  .  however,  among 
even  highly  susceptible  sucklings,  increased  rapidly  so  that  rats 
inoculated  after  7  days  of  age  had  nonfaul  respiratory  disease 
and  weanlings  were  asymptomatic  (120).  The  pathogenicity 
and  infectivity  of  RCV  for  other  species  have  not  been  re¬ 
ported. 

6.  Clinical  Diicasc 

a.  SDAV.  Susceptible  rats  can  be  infected  at  any  age.  but 
clinical  disease  usually  occurs  in  one  of  two  panems:  endemic 
infection  of  breeding  colonies  or  explosive  outbreaks  among 
nonimmune  rats  exposed  to  virus  as  weanlings  or  adults.  In  the 
former  setting,  adults  may  have  clinical  signs,  but  more  com¬ 
monly  they  are  immune.  Therefore,  clinical  disease  develops 
among  susceptible  sucklings  and  is  characterized  by  so-called 
“winking  and  blinking"  associated  with  acute  inflammation  of 
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h.  RCV.  Rat  coronavirus  infection  is  subclinical  in  post- 
weaned  rats.  Nonfatal  respiratory  disease  can  occur  in  in¬ 
tranasally  inoculated  sucklings,  and  intranasally  infected  sus¬ 
ceptible  neonates  may  die  ( 1 1 .120). 


a.  SDAV.  The  lesions  of  SDAV  infection  have  been  de¬ 
scribed  in  detail  by  several  groups  of  workers 
(59.61.67,80.161). 

Gross  Lesions  of  SDAV  infection  usually  are  restricted  to 
mixed  or  serous  salivary  glands,  lacrimal  glands,  cervical 
lymph  nodes,  thymus,  and  occasionally  lung.  Submaxillary 
and  parotid  salivary  glands  and  cervical  lymph  nodes  are  un- 


7.  Pathology 


the  eye  and  adnexae.  Signs  ate  transient  (1  week  or  less) 
among  individual  sucklings,  but  affected  animals  will  be  prev¬ 
alent  among  the  suckling  population  as  long  as  newly  suscep¬ 
tible  litters  are  available  to  bKome  infected.  In  the  latter  situa¬ 
tion,  either  new,  SDAV-susceptible  rats  are  placed  in  a  room 
with  infected  rats  or  an  infected  rat(s)  is  placed  in  a  room 
housing  nonimmune  weanlings  or  adults.  Generally,  within  1 
week,  the  susceptible  population  will  develop  typical  signs  of 
SDAV  infection.  For  i^vidual  rats  they  include  cervical  swell¬ 
ing  (edema)  with  palpable  enlargement  of  submaxillaiy  sali¬ 
vary  glands,  sneezing  or  repeated  wiping  of  die  external  nates 
with  the  forepaws,  photophobia  and  nasal,  and  ocular  dis¬ 
charges  which  are  often  red-tinged  due  to  a  high  content  of 
poiphyrin  pigment.  Clinical  signs  last  about  1  week.  They  may 
be  mild  or  severe,  and  all  signs  do  not  occur  in  every  iirfected 
rat.  This  last  point  is  especially  significant,  since  a  single  sub- 
clinically  infected  rat  placed  in  a  susceptible  colony  can  initiale 
a  full  enzootic  episode. 

Keratoconjunctivitis  has  been  associated  with  several  natural 
outbreaks  of  SDAV  (80,161)  and  may  be  the  only  clinically 
detecttble  evidence  of  SDAV  infection.  Signs  and  lesions 
commonly  begin  by  the  time  of  weaning,  but  also  can  occur  in 
adults.  They  include  photophobia,  lacrimation,  circuinconieal 
flush,  diffuse  comeal  opacities,  comeal  ulcers,  pannus.  hypo¬ 
pyon.  and  hyphema.  Lesions  usually  resolve  completely  in  1  to 
2  weeks,  but  chronic  active  keratitis  and  megaloglobus  may 
develop  in  some  rats.  The  morbidity  of  eye  lesions  during  an 
acute  outbreak  of  SDAV  infection  varies  from  0  to  100%!,  but 
is  usually  10  to  30%.  The  prevalence  of  eye  lesions  seems 
greater  among  breeding  colonies  chronically  infected  with 
SDAV  (65).  The  severity  of  lesions  also  may  vary  among 
strains  of  rats.  In  our  experience,  inbred  Lewis  and  WAG/Rij 
rats  are  more  susceptible  to  SDAV-associated  eye  disease  than 
DA  rats  or  outbred  CD  rats  (65).  Weisbroth  and  Pteress  (161) 
found  that  the  spontaneously  hypertensive  strain  TAC:SHR/N 
also  was  highly  susceptible.  The  pathology  of  the  eye  lesions  is 
discussed  in  greater  detail  in  Section  m,  A.  7. 
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SGRI>-UV-VM 


26  Feb  68 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Quality  Assurance  Data 

1.  The  following  information  concerns  Quality  Assurance  data  for 
a  group  of  five  Fisher  Rats.  accession  numbers  88-0025  through 
88-0029. 


ACC  No.  Microbiology  Parasitolo 


68-0025 

TW-NG 

GUT -NEPI 

NOPS 

88-0026 

TW- Staph  spp 
-Enterococcus 
-E . col i 

GUT -NEPI 

spp. 

NOPS 

88-0027 

TW-P.  mirabilis 
GUT -NEPI 

NOPS 

86-0028 

TW- Enterococcus 
GUT-NEPI 

spp. 

NOPS 

88-0029 

TW-NG 

GUT-NEPI 

NOPS 

TW  =  Trachael  Wash;  NOPS  =  No  Obvious  Parasites  Seen 
NEPI  =  No  Enteric  Pathogens  Isolated;  NQ  =  No  Growth 


2.  POC  for  this  information  is  CPT(P)  Parrish,  ext  3503. 


DENVER  D.  MARLOW 
MAJ,  VC 

Chief.  Vet  Med  &  Surg  Br 


CF: 

C,  Vet  Med  &  Lab  Resr  Div 
C,  Veterinary  Services  Branch.  CRDEC 


Appendix  D 


76 


GBGRSE  A.  PARISR,  Dm,  LID 
111-A  Cazpoiter  Drive 
P.O.  Bok  764 
Sterllx«.  VA  22170 
(703)481-1122 


Mr.  John  Qrahn 

US  Annjr  Medical  Research  Institute  of  Chemical  Defense 

OoBiMratlvs  Pathology  Branch 

Aberdeen  Proving  Ground,  MD  21010-5425 

Dear  Mr.  Qrahaa: 

Bnclosed  please  find  histology  Morksheets,  paraffin  blocks,  aicroelides, 
residual  eet  tissues  and  2  copies  of  the  pattiology  report  from  a  group  of 
quality  ccntrol  animals  received  27Jan88.  Animals  examined  are  sunnarized 
on  the  attached  letter  from  yourself  dated  27JanB8. 


George  A.  Parker.  DVM,  DACVP  29Fieb88 
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DEPARTMENT  THE  ARMY 

UNITED  STATES ‘ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  CHEMICAL  DEFENSE 

ABERDEEN  PROVING  GROUND.  MARYLAND  21010-5425 


January  27,  1988 


S62D>0V-yc 


Dr.  Oaorga  A.  Parkar,  Ltd 
P.O.  Dos  350 

Groat  Falla.  Virginia  22066 
Dear  Slrt 

Befaronca  Contract/Ordar  Bo.  DAAD05-88'C-0021  and  lattar  froa 
B.6.  Nall,  dated  October  3.  1985.  tba  following  tiaauaa  are  aubeitted 
for  processing  and  evaluation: 


DATE  OF  PATHOLOGY 

KCBOPSY  ACCESSION  iO.  gPVJICP  Ejg^EJVEP  SPECIES  MUMBEB 


Sept  11 

87-1134-1138 

CB1903440P 

Sept  9 

Mouaa 

5 

• 

87-1139-1143 

CB2929029K 

Sept  2 

G.  Pig 

5 

Issued 

Sept  16 

87-1147-1151 

CB1903440P 

Sept  9 

Mouse 

5 

Issued 

Sept  18 

87-1153-1156 

CB1991093P 

Sept  16 

Bat 

4 

Sept  25 

87-1163-1166 

CB2722817E 

Sept  24 

Mouse  (Retired) 

4 

• 

87-1167-1169 

CR2722818K 

m 

Bat  (Retired) 

3 

Sept  30 

87-1172-1176 

CB1991093P 

Sept  16 

Bat 

5 

Issued 

• 

87-1177-1181 

CR2929020K 

Sept  23 

G.  Pig 

5 

Oct  2 

87-1183-1187 

CB1903440P 

Sept  30 

Mouse 

5 

• 

87-1188-1192 

CB2929029R 

Sept  23 

6.  Pig 

5 

Issued 

Oct  7 

87-1201-1205 

CB1903440P 

Sept  30 

Mouse 

5 

Issued 

Oct  9 

87-1210-1214 

CR2929020K 

Oct  7 

6.  Pig 

5 

Oct  14 

87-1218 

Baselton 

Oct  13 

Babbit 

1 

• 

87-1219-1223 

CB2929029K 

Oct  7 

G.  Pig 

5 

Issued 

Oct  16 

87-1225-1229 

CB1001169P 

Oct  14 

Rat 

5 

Oct  21 

87-1232-1236 

CB1001169P 

■ 

Bat 

5 

Issued 

Oct  28 

87-1252-1256 

CB1903440P 

Oct  21 

Mouse 

5 

• 

87-1257-1261 

CB1903440P 

• 

Mouse 

5 

Issued 

Oct  30 

87-1266-1266 

CB2722018K 

Oct  28 

Bat  (Retired) 

3 

■ 

87-1269-1272 

CB2722817K 

• 

Mouse  (Retired) 

4 

• 

87-1273-1277 

CR2929020K 

• 

G.  Pig 

5 

Bov  4 

87-1291-1295 

CR2929029K 

Oct  26 

6.  Pig 

5 

Issued 

Bov  6 

87-1300-1304 

CR1903440P 

Bov  4 

Mouse 

5 

Bov  13 

87-1334-1338 

CR1903440P 

• 

Mouse 

5 

Issued 

Bov  18 

87-1354-1358 

CR2929020K 

Bov  11 

G.  Pig 

5 

• 

87-1359-1363 

CR2929029K 

• 

G.  Pig 

5 

Issued 

Bov  20 

87-1368 

Baaalton 

Bov  17 

Babbit 

1 

Issued 

m 

87-1369-1373 

CR1903440P 

Bov  18 

Mouse 

5 

Bov  25 

87-1376-1360 

CB1903440 

■ 

Mouse 

5 

Issued 

Dec  2 

87-1367-1389 

CR2722818R 

Bov  25 

Bat  (Rstired) 

3 

• 

87-1390-1393 

CR2722817K 

• 

Mouse  (Retired) 

4 

Dec  4 

G7*1S94-1398 

CR1903440P 

Dec  2 

Mouse 

5 

• 

87-1399-1403 

CR2929029K 

Bov  25 

G.  Pig 

5 

• 

87-1404-1407 

CR2929029K 

• 

G.  Pig 

4 

Issued 
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■ICggPgY 

PATHOLOGY 
ACCESSION  HO. 

SOURCE 

RECEIVED 

species 

E]2M££& 

Dec  9 

07-1422-1426 

CR1903440P 

Dec  2 

Mouse 

5 

Issued 

Dec  11 

07-1431-1435 

CR1903440P 

Dec  9 

Mouse 

5 

Dec  16 

07-1437-1441 

CR1903440P 

• 

Mouse 

5 

Issued 

Jan  4 

06-0001-0004 

CR2722ei7K 

Dec  23 

Mouse  (Retired)  4 

• 

00-0005-0007 

CR2722010K 

• 

Rat  (Retired)  3 

• 

00-0006-0012 

CR2929020K 

Dec  23 

G.  Pig 

5 

• 

06-0013-0017 

Cft2929029K 

■ 

G.  Pig 

5 

Issued 

Jan  6 

00-0019 

Hatelton 

Jan  5 

Rabbit 

1 

• 

06-0020-0024 

CR1026572P 

Dec  30 

Rat 

5 

Issued 

• 

00-0025-0029 

CRDEC 

Bov  17 

Rat 

S 

Jan  7 

06-0032-0035 

CR1903440P 

Jan  6 

Mouse 

4 

• 

06-0039 

CR1903440P 

Jan  6 

Mouse 

1 

Jan  13 

06-0056 

Haaelton 

Jan  5 

Rabbit 

1 

Issued 

■ 

06-0057-0061 

CR1903440P 

Jan  6 

Mouse 

5 

Issued 

Jan  15 

06-0071-0075 

CR2929020R 

Jan  13 

G.  Pig 

5 

Jan  20 

68-0066-0092 

CR2929029R 

• 

G.  Pig 

5 

Issued 

• 

00-0093 

Haaelton 

Jan  19 

Rabbit 

1 

Jan  22 

00-0110-0114 

CR1903440P 

Jan  20 

Mouse 

5 

• 

66-0115 

Haaelton 

Jan  19 

Rabbit 

1 

Issued 

TOTAL  222 

Please  feel  free  to  contact  ae  at  301-671-3369  for  any  further 
inforaatlon  required  In  procesalng/evaluation.  ieports  are  due  ey 
office  at  your  convenience. 


John  S.  Grahae 
Contracting  Bepresentatlve 
Coeparatlve  Pathology  Branch 


ACKNOWLEDGE  RECEIPT  OF  TISSUES 

-l/n 
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INDIVIDUAL  ANIMAL  PATHOLOGY  REPORT 


SPONSOR:  USAMRICD  SHIPMENT  NO. :  1  PATH.  NO. :  88-0025 

SPECIES:  Rat  SOURCE:  CRDEC  ANIMAL  NO.:  1 

BODY  HEIGHT:  306 

GROSS  OBSERVATIONS: 

Liver  alightly  fat. 

MICROSCOPIC  FINDINGS: 

Tongue-  vascular  mineralization,  moderate 

TISSUES  MISSING:  none 

CCMHENT: 

The  vascular  mineralization  in  the  tongue  was  considered  to  be  an 
incidental  finding,  of  no  significance  to  colony  management.  There  was  no 
microscopic  correlate  of  the  gross  observation  in  the  liver. 

INDIVIDUAL  ANIMAL  PATHOLOGY  REPORT 

SPONSOR;  USAMRICD  SHIPMENT  NO.:  1  PATH.  NO.;  88-0026 

SPECIES:  Rat  SOURCE:  CRDEC  ANIMAL  NO.:  2 

GROSS  OBSERVATIONS:  NSL  BODY  HEIGHT:  318 

MICROSCOPIC  FINDINGS: 

Essentially  normal  tissues 

MISSING  TISSUES:  1  adrenal 

INDIVIDUAL  ANIMAL  PATHOLOGY  REPORT 

SPONSOR:  USAMRICD  SHIPMENT  NO.:  1  PATH.  NO.:  88-0027 

SPECIES:  Rat  SOURCE:  CRDEC  ANIMAL  NO.:  3 

BODY  HEIGHT:  NS 

GROSS  OBSERVATIONS: 

3z3z2  mm  oval  shaped  mass.  hard,  attached  to  peritoneal  fat 
MICROSCOPIC  FINDINGS: 

Peritoneal  cavity-  fat  necrosis,  focal,  moderate 
MISSING  TISSUES:  mandibular  lymph  node.  1  adrenal 
COMMENT: 

Fat  necrosis  in  the  peritoneal  cavity  is  a  common  incidental  finding, 
presumably  a  result  of  strangulation  of  a  small  mass  of  normal  fatty 
tissue.  It  is  considered  to  be  of  no  significance  to  colony  management. 
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INDIVIDUAL  ANIMAL  PATHOLOGY  REPORT 


SPONSOR:  USAMRICD  SHIPMENT  NO.:  1  PATH.  NO.:  68-0028 

SPECIES:  Rat  SOURCE:  CRDEC  ANIMAL  NO.:  A 

GROSS  OBSERVATIONS;  NSL  BODY  WEIGHT;  337 

MICROSCOPIC  FINDINGS: 

Easeatially  normal  tiaeuea 

HISSING  TISSUES:  none 

INDIVIDUAL  ANIMAL  PATHOLOGY  REPORT 

SPONSOR:  USAMRICD  SHIPMENT  NO.:  1  PATH.  NO.:  88-0029 

SPECIES:  Rat  SOURCE:  CRDEC  ANIMAL  NO.:  5 

GROSS  OBSERVATIONS:  NSL  BODY  WEIGHT:  32 

MICROSCOPIC  FINDINGS: 

Esaentially  normal  tissues 

MISSING  TISSUES:  1  adrenal.  Harderian  glands 
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BODY  WEIGHT  SUMMARY 

COMPARATIVE  ACUTE  INHALATION  SCREEN  OF  TITANIUM  OXIDE  AND  GRAPHITE  DUSTS 

PROTOCOL- 22087000A217 


SYNTHETIC 

NATURAL 

TITANIUM 

CONTROLS 

GRAPHITE 

GRAPHITE 

OXIDE 

11-13-87 

X 

245.16 

247 . 19 

247.22 

246.09 

s 

8.95 

7.47 

9.13 

9.41 

11-20-87 

X 

259.28 

263.06 

264.38 

260.00 

s 

10.05 

7.69 

9.40 

9.48 

11-28-87 

X 

274.81 

276.19 

279.53 

275.06 

s 

9.67 

8.42 

10.96 

9.80 

12-04-87 

X 

285.56 

289.63 

291.16 

287.44 

s 

12.20 

8.43 

12.02 

10.13 

12-11-87 

X 

291.25 

296.09 

297.19 

290.63 

s 

12.24 

8.86 

12.22 

11.54 

12-13-87 

X 

292.09 

293.31 

295.38 

287.69 

s 

12.15 

9.35 

12.34 

10.37 

12-14-87 

X 

289.47 

292.91 

293.91 

288.41 

s 

12.48 

9.05 

12.29 

10.59 

12-15-87 

X 

289.09 

291.34 

292.66 

287.38 

s 

12.48 

8.63 

12.93 

10.86 

12-16-87 

X 

288.69 

291.31 

292.16 

288.03 

s 

12.49 

9.10 

12.27 

10.71 

12-18-87 

X 

290.69 

287.44 

295.06 

291.50 

s 

14.11 

8.24 

7.31 

13.11 

12-25-87 

X 

298.44 

299.31 

304.44 

297.19 

s 

14.88 

11.01 

6.12 

13.40 

DAIA  ANALYSIS  -  BOOT  VEI6HTS  OF  HALE  FISCHER  344  RATS 
PROTOCOL- 22087000A2I7 


BARTLETT'S  TEST  ANOVA(oneway) 


SYNTHETIC 

NATURAL 

TITANIUM 

CONTROL 

SYNTHETIC 

GRAPHITE 

GRAPHITE 

OXIDE 

GRAPHITE 

11-13-87 

SS 

NS 

NS 

NS 

11-20-87 

NS 

NS 

NS 

NS 

11-27-87 

NS 

NS 

NS 

NS 

12-04-87 

NS 

NS 

NS 

NS 

12-11-87 

NS 

NS 

NS 

NS 

12-13-87 

NS 

NS 

NS 

NS 

12-14-87 

NS 

NS 

NS 

NS 

12-15-87 

NS 

NS 

NS 

NS 

12-16-87 

NS 

NS 

NS 

NS 

12-18-87 

NS 

NS 

NS 

NS 

12-25-87 

SIG 

NS 

NS 

NS 

NS 
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WEIGHT  TABLE  1  CONTROL  GROUP 

13  NOVEHBER  1987  -  25  DECEMBER  1987 


ID#  11/13 

11/20 

11/28 

12/04 

12/11 

12/13 

12/14 

12/15 

12/16 

12/18 

12/25 

400 

237 

252 

269 

281 

282 

280 

280 

281 

281 

401 

252 

264 

276 

290 

289 

285 

285 

285 

288 

402 

235 

254 

268 

283 

284 

282 

281 

276 

277 

403 

254 

261 

276 

293 

293 

288 

290 

286 

288 

404 

238 

253 

268 

284 

283 

277 

277 

277 

278 

405 

264 

276 

291 

309 

313 

311 

307 

304 

304 

406 

254 

263 

279 

289 

294 

294 

296 

296 

295 

407 

232 

249 

266 

282 

283 

286 

287 

285 

284 

408 

247 

256 

269 

275 

278 

279 

280 

277 

281 

409 

254 

273 

290 

294 

302 

295 

296 

295 

297 

410 

235 

247 

263 

275 

277 

279 

280 

278 

280 

411 

256 

266 

279 

289 

297 

294 

296 

297 

297 

412 

255 

273 

284 

300 

303 

298 

302 

300 

301 

413 

260 

272 

287 

297 

304 

301 

300 

301 

301 

414 

234 

246 

260 

272 

270 

268 

271 

272 

272 

416 

245 

262 

273 

286 

286 

288 

289 

287 

285 

415 

254 

269 

285 

297 

302 

300 

298 

299 

298 

302 

294 

418 

251 

264 

280 

283 

294 

292 

293 

296 

294 

295 

303 

419 

249 

266 

284 

289 

299 

293 

291 

294 

293 

297 

300 

420 

237 

256 

269 

284 

288 

280 

283 

283 

283 

283 

283 

421 

234 

254 

266 

280 

283 

281 

282 

281 

281 

283 

289 

422 

230 

238 

250 

264 

265 

262 

262 

260 

260 

262 

269 

423 

252 

264 

281 

294 

298 

294 

295 

291 

293 

295 

303 

424 

244 

261 

279 

291 

295 

296 

295 

295 

293 

296 

299 

425 

241 

256 

273 

288 

292 

292 

293 

293 

294 

299 

304 

426 

238 

250 

270 

281 

285 

280 

280 

280 

282 

287 

299 

427 

251 

263 

273 

282 

281 

282 

284 

283 

284 

286 

292 

428 

257 

269 

287 

303 

307 

302 

304 

303 

305 

313 

318 

429 

250 

264 

279 

290 

295 

284 

282 

280 

283 

291 

308 

430 

251 

266 

280 

293 

294 

289 

289 

286 

288 

286 

291 

431 

251 

270 

288 

307 

310 

302 

307 

304 

306 

314 

322 

432 

233 

243 

260 

273 

274 

272 

274 

271 

271 

275 

281 

X  246.09 

264.15 

279.12 

287.50 

287.50 

287.91 

288.41 

287.38 

288.03 

291.50 

297.19 

s  9.41 

6.79 

7.21 

10.04 

10.04 

10.46 

10.59 

10.86 

10.71 

13.11 

13.40 
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WEIGHT  TABLE  2  SYNTHETIC  GRAPHITE  EXPOSURE  GROUP 

13  NOVEHBER  1987  •  25  DECEHBER  1987 


ID#  11/13 

11/20  11/28 

12/04 

12/11 

12/13 

12/14 

12/15 

12/16  12/18  12/25 

433 

244 

254 

269 

277 

280 

276 

275 

273 

271 

434 

253 

271 

287 

304 

310 

307 

301 

301 

297 

435 

248 

260 

275 

285 

294 

293 

290 

292 

291 

436 

253 

262 

277 

288 

297 

295 

293 

290 

288 

437 

229 

245 

263 

267 

276 

273 

272 

271 

267 

438 

243 

258 

270 

281 

284 

284 

281 

285 

285 

439 

239 

250 

265 

275 

278 

278 

276 

276 

279 

440 

245 

253 

265 

274 

281 

278 

277 

275 

274 

441 

258 

272 

292 

307 

313 

306 

307 

307 

307 

442 

250 

263 

283 

301 

310 

301 

300 

298 

297 

443 

235 

254 

272 

288 

302 

299 

300 

301 

299 

444 

235 

250 

269 

281 

282 

278 

279 

276 

277 

445 

245 

259 

273 

285 

290 

288 

288 

285 

284 

446 

248 

265 

284 

291 

306 

306 

303 

300 

301 

447 

247 

263 

283 

299 

307 

296 

295 

297 

297 

448 

244 

258 

270 

282 

289 

289 

289 

287 

285 

449 

234 

244 

260 

267 

274 

275 

271 

272 

272 

272 

279 

450 

238 

252 

271 

277 

284 

284 

283 

283 

284 

284 

295 

451 

247 

264 

278 

284 

289 

292 

289 

287 

288 

287 

300 

452 

239 

257 

277 

283 

292 

290 

291 

290 

293 

292 

294 

453 

242 

263 

276 

290 

295 

295 

296 

297 

298 

299 

301 

454 

243 

258 

275 

288 

295 

297 

293 

294 

294 

296 

301 

455 

247 

261 

275 

287 

295 

295 

294 

293 

293 

294 

305 

456 

248 

263 

278 

291 

288 

293 

294 

291 

292 

293 

308 

457 

229 

240 

253 

267 

272 

271 

262 

265 

264 

265 

270 

458 

259 

276 

288 

304 

308 

306 

301 

304 

301 

306 

317 

459 

232 

248 

261 

269 

278 

276 

275 

275 

274 

274 

282 

460 

259 

273 

285 

292 

304 

307 

304 

306 

306 

307 

313 

461 

242 

255 

264 

267 

275 

276 

273 

273 

273 

273 

279 

462 

246 

258 

274 

282 

290 

293 

293 

292 

295 

295 

302 

463 

262 

274 

285 

292 

306 

306 

303 

300 

298 

298 

304 

464 

262 

283 

297 

313 

303 

317 

315 

315 

314 

316 

325 

X  245.16 

259.56 

274.81 

285.56 

292.05 

t  291,25 

1  289.47 

289.09 

>  288.69 

290.69 

298.  < 

s  8 , 

.95 

9.76 

9.67 

12.20 

12.15 

12.24 

12.48 

12.48 

12.49 

14.11 

14.88 
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WEIGHT  TABLE -3  MATUBAL  GBAPHITE  EZPOSDBE  GBODP 

13  NOVEMBEB  1987-  25  DECEMBEB  1987 


ID#  11/13 

11/20 

11/28  12/04 

12/11 

12/13 

12/14 

12/15 

12/16 

12/18 

12/25 

465 

242 

259 

271 

283 

292 

291 

289 

285 

286 

466 

259 

273 

280 

297 

309 

309 

309 

304 

304 

467 

243 

256 

267 

277 

286 

287 

285 

286 

287 

468 

253 

270 

286 

298 

301 

297 

293 

291 

296 

469 

256 

265 

283 

296 

306 

303 

298 

297 

297 

470 

249 

264 

285 

289 

300 

302 

299 

300 

300 

471 

236 

249 

262 

274 

279 

281 

279 

279 

274 

472 

260 

274 

288 

299 

305 

305 

304 

302 

301 

473 

243 

261 

277 

291 

296 

294 

294 

294 

293 

474 

254 

272 

284 

295 

307 

308 

307 

304 

306 

475 

248 

263 

273 

285 

294 

293 

295 

290 

291 

476 

244 

255 

270 

285 

293 

290 

291 

294 

296 

477 

248 

265 

278 

291 

301 

297 

299 

300 

301 

478 

251 

268 

287 

302 

309 

308 

306 

303 

302 

479 

238 

258 

263 

287 

297 

296 

294 

293 

292 

480 

247 

263 

272 

285 

295 

294 

293 

291 

291 

481 

232 

244 

258 

265 

274 

268 

268 

268 

266 

265 

277 

482 

244 

264 

282 

293 

295 

288 

287 

287 

285 

286 

3oa 

483 

248 

269 

284 

297 

304 

298 

302 

300 

299 

295 

304 

484 

247 

260 

275 

289 

294 

292 

291 

290 

289 

290 

299 

485 

241 

254 

267 

279 

280 

277 

278 

278 

276 

278 

285 

486 

260 

274 

281 

296 

301 

297 

298 

297 

297 

296 

305 

487 

244 

263 

271 

286 

292 

285 

289 

288 

287 

281 

294 

488 

244 

259 

265 

290 

292 

290 

287 

285 

284 

286 

293 

489 

241 

259 

270 

287 

291 

293 

293 

290 

288 

291 

301 

490 

258 

276 

284 

293 

300 

296 

297 

291 

293 

293 

303 

491 

247 

271 

283 

295 

294 

288 

289 

286 

287 

288 

325 

492 

248 

259 

274 

290 

291 

289 

290 

287 

291 

286 

296 

493 

260 

273 

291 

307 

312 

307 

305 

305 

303 

299 

313 

494 

245 

264 

278 

295 

302 

293 

294 

290 

291 

292 

305 

495 

245 

261 

278 

287 

296 

290 

290 

290 

289 

291 

299 

496 

235 

253 

271 

285 

287 

280 

280 

278 

280 

282 

290 

X  247.19  263.06 

276.19 

296.09 

289.63 

293.31 

291.91 

291.34 

291.31 

287.41 

299.31 

std  7.47  7.69 

8.42 

8.86 

8.43 

9.35 

9.05 

8.63 

9.10 

8.24 

11.01 
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WEIGHT  TABLE  4  TITANIUM  OXIDE  EXPOSURE  GROUP 

13  NOVEMBER  1987  -  25  DECEMBER  1987 


ID#  11/13 

11/20 

11/28 

12/04 

12/11 

12/13 

12/14 

12/15 

12/16 

12/18 

12/25 

497 

283 

^  ^  M  ^  M  ^  M 

301 

M  ••  n  M  •*  M  «• 

324 

••  ••  M  Jl  M  H  Jt 

341 

352 

351 

350 

352 

349 

498 

229 

244 

259 

271 

282 

280 

277 

274 

278 

499 

247 

268 

285 

292 

293 

293 

294 

293 

290 

500 

255 

270 

288 

297 

293 

302 

300 

298 

300 

501 

250 

269 

285 

298 

305 

304 

303 

302 

299 

502 

240 

260 

277 

292 

295 

291 

292 

290 

289 

503 

254 

264 

275 

290 

296 

293 

292 

295 

292 

504 

251 

268 

284 

297 

301 

302 

302 

302 

302 

505 

239 

254 

269 

276 

289 

285 

285 

283 

287 

506 

245 

263 

278 

291 

300 

298 

295 

293 

293 

507 

246 

264 

282 

291 

296 

297 

295 

293 

293 

508 

242 

256 

272 

282 

284 

291 

290 

288 

286 

509 

242 

264 

280 

285 

295 

291 

293 

292 

288 

510 

243 

255 

265 

280 

280 

284 

280 

281 

279 

511 

252 

269 

283 

300 

300 

303 

298 

296 

297 

512 

244 

262 

278 

292 

296 

294 

295 

294 

291 

513 

247 

269 

282 

296 

300 

292 

293 

293 

295 

304 

315 

514 

248 

263 

280 

289 

293 

292 

287 

285 

285 

288 

298 

515 

252 

268 

281 

296 

307 

305 

299 

301 

299 

306 

311 

516 

258 

272 

289 

299 

300 

297 

290 

292 

290 

295 

301 

517 

251 

263 

273 

282 

292 

285 

287 

285 

284 

288 

295 

518 

252 

274 

292 

306 

307 

302 

302 

300 

299 

304 

313 

519 

241 

263 

280 

292 

296 

289 

288 

287 

286 

283 

305 

520 

240 

257 

273 

281 

287 

283 

282 

282 

283 

293 

297 

521 

245 

259 

270 

279 

289 

287 

285 

285 

286 

297 

309 

522 

240 

260 

279 

286 

297 

292 

291 

288 

287 

293 

303 

523 

258 

276 

286 

301 

312 

310 

307 

306 

305 

309 

310 

524 

242 

258 

273 

284 

293 

292 

287 

287 

290 

295 

302 

525 

243 

263 

270 

287 

296 

292 

289 

288 

287 

294 

308 

526 

252 

269 

286 

292 

296 

294 

294 

290 

287 

292 

300 

527 

240 

256 

270 

285 

290 

287 

288 

283 

282 

288 

298 

528 

240 

259 

277 

287 

298 

294 

295 

287 

291 

292 

306 

y 


X  247. 

.22 

263. 

.59 

277, 

,94 

291, 

.16 

297, 

.19 

295, 

.38 

293, 

.34 

292 

.66 

292. 

.16 

295, 

.06 

304 

.44 

std  9. 

.13 

10. 

,33 

11. 

,83 

12. 

.02 

12. 

.22 

12, 

.34 

12, 

.03 

12 

.93 

17, 

.06 

7 

,31 

6 

.12 
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OBCAN/BODT  RATIOS  OF  MALE  FISCHER  344  RATS  EXPOSED  TO  SYNTHETIC 
GRAPHITE.  NATURAL  GRAPHITE.  AND  TITANIUM  OXIDE 

24  HOUR  POST  EXPOSURE 

CONTROL 


ANDiRL  BODY  HT 
NUMBER  (CMS.) 


400  280.4 

401  288.4 

402  279.8 

403  292.2 

404  279.0 

405  306 . 5 

406  295.9 

407  284.3 

408  278.8 

409  298.1 

X  288.34 

std.dev.  9.59 


ADRENALS  BRAIN 

xlO*^  xl0*3 


2.07 

6.53 

2.25 

6.21 

1.82 

6.65 

2.57 

6.16 

1.51 

6.60 

2.09 

6.39 

2.30 

6.49 

1.90 

6.58 

2.19 

6.60 

2.08 

6.27 

2.08 

6.45 

0.29 

0.18 

HEAR.T  KIDNEYS 

xlO-3  xlO-3 


3.21 

8.45 

3.22 

8.60 

3.43 

8.33 

3.35 

8.49 

3.26 

8.39 

3.39 

8.97 

3.24 

8.25 

3.34 

7.84 

3.26 

7.96 

3.29 

8.52 

3.30 

8.38 

0.07 

0.32 

LIVER  LUNGS 
xl0*2  xlO-3 


4.13 

4.39 

4.37 

4.06 

4.09 

4.43 

4.36 

3.83 

4.29 

4.23 

4.24 

4.25 

4.34 

4.93 

4.07 

4.43 

4.10 

4.34 

4.16 

3.59 

4.22 

4.25 

0.12 

0.37 

TESTES 

xlO*2 


] 

1.-. 

1.05 

0.97 

1.03 

1.09 

0.96 

1.06 

0.95 

0.97 

1.02 

0.05 


SYNTHETIC  GRAPHITE 


ANIMAL 

NUMBER 

BODY  HT. 
(GMS.) 

ADRENALS 

xlO-^ 

BRAIN 

xlO-3 

HEART 

xlO-3 

KIDNEYS 

xl0*3 

LIVER 

xlO*2 

LUNGS 

xlO-3 

TESTES 

xlO-2 

433 

272.0 

1.88 

6.51 

2.98 

8.27 

4.63 

4.26 

0.98 

434 

294.3 

2.17 

6.49 

3.26 

8.05 

4.23 

4.89 

1.02 

435 

286.6 

2.02 

6.63 

3.14 

7.92 

3.99 

5.06 

1.00 

436 

284.9 

1.97 

6.60 

3.19 

8.11 

3.76 

4.53 

1.02 

437 

266.1 

1.84 

6.76 

3.42 

7.93 

3.77 

4.69 

1.15 

438 

284.5 

1.83 

6.43 

3.06 

8.19 

4.45 

4.75 

0.99 

439 

275.4 

2.40 

6.79 

3.30 

8.39 

4.83 

4.87 

1.08 

440 

273.2 

1.79 

6.00 

3.37 

9.15 

4.03 

4.98 

0.99 

441 

305.1 

2.03 

6.19 

3.38 

8.06 

4.15 

4.33 

0.99 

442 

296.3 

2.02 

6.38 

3.41 

8.34 

5.05 

4.59 

1.03 

X 

283.84 

2.00 

6.48 

3.25 

8.24 

4.29 

4.70 

1.03 

std.dev 

12.32 

1.84 

0.24 

0.15 

0.36 

0.44 

0.27 

0.05 
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OLGAN/BODT  RATIOS  OF  MALE  FISCHER  344  RATS  EXPOSED  TO 
STNIHETIC  GRAPHITE,  NATURAL  <»APHITE.  AND  TITANIUM  OXIDE 


24  HOUR  POST  EXPOSURE 
NATURAL  GRAPHITE 


ANIMAL 

NUMBER 

BODY  VT. 
(GMS.) 

ADRENALS 

xl0*3 

BRAIN 

xlO-3 

HEART 

xlO-3 

KIDNEYS 

xl0*3 

LIVER 

xlO-2 

LUNGS 

xl0*3 

TESTES 

xlO-2 

465 

281.7 

2.50 

6.67 

3.48 

8.27 

4.12 

4.76 

1.02 

466 

304.7 

2.10 

6.20 

3.05 

7.75 

4,13 

5.55 

1.03 

467 

284.2 

1.97 

6.40 

3.24 

8.09 

3.88 

4.75 

1.02 

468 

293.8 

1.94 

6.43 

3.34 

8.07 

4.16 

4.96 

1.03 

469 

297.0 

1.58 

6.40 

3.13 

8.18 

4.20 

4.16 

1.05 

470 

296.4 

2.02 

6.31 

3.31 

7.96 

4.43 

4.52 

1.04 

471 

273.7 

2.23 

6.69 

3.29 

7.53 

3.87 

5.52 

1.15 

472 

301.3 

1.66 

6.27 

3.22 

7.73 

4.08 

5.01 

1.05 

473 

290.3 

2.14 

6.54 

3.03 

8.10 

4.11 

4.34 

1.10 

474 

304.5 

2.04 

6.01 

3.12 

7.88 

4.39 

5.19 

0.99 

X 

292.76 

2.12 

6.39 

3.22 

7.96 

4.14 

4.92 

1.05 

std.dev. 

10.28 

0.40 

0.21 

0,14 

0.23 

0.18 

0.41 

0.01 

TITANIUM  OXIDE 


ANIMAL  BODY  VT.  ADRENALS  BRAIN 
HUMBER  (CMS.)  xlO*^  xlO’^ 


497 

354,7 

2.20 

5.44 

498 

377.3 

2.31 

6.67 

499 

293.7 

2.32 

6.37 

500 

300.4 

2.03 

6.19 

501 

302.2 

1.65 

6.12 

502 

290.4 

1.76 

6.37 

503 

292.3 

2.53 

6.29 

504 

303.2 

1.81 

6.56 

505 

290.3 

2.07 

6.37 

506 

297.4 

1.75 

6.32 

X 

300,19 

2.04 

6.27 

std.dev. 

20.59 

0.30 

0.33 

HEART 

xl0*3 

KIDNEYS 

xlO-3 

LIVER 

xlO-2 

LUNGS 

xlO-3 

TESTES 

xl0*2 

3.07 

8.18 

4.96 

4.31 

0.91 

3.28 

7.86 

4.08 

4.58 

0.91 

3.20 

8.04 

4.28 

4.60 

1.07 

2.20 

7.56 

4.32 

5.23 

1.04 

2.98 

7.91 

4.04 

4.47 

1.03 

3.17 

7.58 

4.14 

4.44 

0.95 

3.11 

8.18 

4.39 

4.24 

1.03 

3.27 

7.78 

3.78 

5.15 

0.96 

3.20 

7.82 

2.90 

4.44 

1.01 

3.26 

7.83 

4.70 

4.64 

1.02 

3.17 

7.87 

4.16 

4.61 

1.00 

0.10 

0.21 

0.56 

0.33 

0.05 
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ORGAN/BODT  RATIOS  OF  MALE  FISCHER  344  RATS  EXPOSED  TO 
STNIHETIC  GRAPHITE.  NATURAL  GRATOITE.  AND  TITIANIUM  OXIDE 


14  DAT  POST  EXPOSURE 
CONTROL 


ANIMAL 

NUMBER 

BODY  VT. 
(CMS.) 

ADRENALS 

xlO-^ 

BRAIN 

xl0*3 

HEART 

xl0*3 

XIDNETS 

xl0*3 

LIVER 

xlO-2 

LUNGS 

xlO-3 

TESTES 

xlO-2 

415 

313.30 

1.83 

5.67 

2.71 

7.24 

3.58 

3.59 

0.90 

418 

307.50 

1.14 

6.10 

2.94 

7.22 

3.55 

4.09 

0.98 

419 

302.90 

1.16 

6.09 

2.83 

7.69 

3.80 

4.00 

0.98 

420 

289.10 

1.27 

6.36 

2.71 

7.33 

3.42 

4.28 

1.01 

421 

293.40 

1.25 

6.27 

2.43 

6.94 

3.12 

3.81 

0.96 

422 

276.50 

1.25 

6.55 

2.86 

7.05 

3.60 

3.95 

1.08 

423 

306.20 

1.48 

6.34 

3.20 

8.09 

4.12 

4.51 

1.02 

424 

311.00 

1.23 

6.01 

2.53 

7.19 

3.78 

4.12 

0.93 

425 

314.80 

1.53 

5.75 

2.59 

7.31 

3.60 

3.65 

0.96 

426 

303 . 70 

1.38 

5.95 

2.84 

7.46 

4.22 

3.13 

0.95 

X 

301.84 

1.35 

6.11 

2.76 

7.35 

3.68 

3.91 

0.98 

std.dev. 

12.09 

0.21 

0.28 

0.22 

0.33 

0.32 

0.39 

0.05 

ANIMAL 

NUMBER 

BODY  WT. 
(GMS.) 

ADRENALS 

xlO-^ 

SYNTHETIC  GRAPHITE 
BRAIN  HEART  KIDNEYS 

xl0*3  xlO-3  xl0*3 

LIVER 

xlO-2 

LUNGS 

xl0*3 

TESTES 

xl0*2 

449 

280.40 

1.52 

6.63 

3.25 

8.12 

3.86 

4.07 

1.03 

450 

297.50 

1.18 

6.26 

2.82 

7.46 

3.47 

3.60 

0.92 

451 

306.80 

1.40 

6.00 

2.70 

7.08 

3.50 

4.15 

0.95 

452 

306.40 

1.25 

6.31 

2.62 

7.34 

3.59 

4.48 

0.82 

453 

306.50 

1.57 

6.20 

2.58 

7.20 

3.40 

4.00 

0.95 

454 

306.00 

1.45 

5.96 

2.87 

7.26 

4.01 

3.16 

0.94 

455 

313.90 

1.33 

6.00 

2.71 

7.11 

3.85 

4.18 

0.93 

456 

317.70 

1.15 

5.88 

2.74 

7.16 

3.65 

3.95 

0.94 

457 

277.80 

1.35 

6.53 

2.69 

7.88 

3.53 

3.92 

0.98 

458 

324.80 

1.46 

5.92 

2.73 

7.64 

3.98 

4.17 

0.92 

X 

303.78 

1.37 

6.17 

2.77 

7.43 

3.68 

4.01 

0.94 

std.dev. 

15.01 

0.14 

0.26 

0.19 

0.35 

0.22 

0.27 

0.05 
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ORGAN/BODT  RATIOS  OF  MALE  FISCHER  344  RATS  EXPOSED  TO  SYNTHETIC 
GRAPHITE,  NATURAL  GRAPHITE.  AND  TITANIUM  OXIDE 

14  DAT  POST  EXPOSURE 

NATURAL  GRAPHITE 


ANIMAL 

NUMBER 

BODY  VT. 
(GMS.) 

ADRENALS 

xlO*^ 

BRAIN 

xl0*3 

HEART 

xlO*^ 

KIDNEYS 

xlO'3 

LIVER 

xlO-2 

LUNGS 

xl0*3 

TESTES 

xl0*2 

481 

281.3 

1.23 

6.42 

2.91 

7.57 

3.54 

4.18 

0.92 

482 

307.3 

1.34 

6.16 

2.82 

7.43 

3.45 

4.16 

0.98 

483 

308.1 

0.95 

6.10 

2.64 

7.19 

3.27 

3.80 

0.97 

484 

301.8 

1.34 

6.18 

2.67 

7.47 

3.42 

4.11 

1.01 

485 

288.9 

1.42 

6.36 

2.99 

7.01 

3.71 

4.41 

1.00 

486 

314.4 

1.27 

5.99 

2.92 

7.57 

3.64 

3.91 

0.99 

487 

297.8 

1.15 

6.26 

2.62 

6.97 

3.42 

4.23 

0.92 

488 

293.3 

1.27 

6.45 

2.50 

7.27 

3.24 

4.33 

1.03 

489 

309.6 

1.43 

6.10 

2.45 

6.68 

3.59 

3.34 

0.92 

490 

315.8 

1.02 

5.95 

2.80 

7.81 

3.81 

4.70 

0.95 

X 

301.83 

1.24 

6.20 

2.73 

7.00 

3.51 

4.16 

0.97 

std.dev. 

11.36 

0.16 

0.17 

0.18 

1.04 

0.18 

0.40 

0.04 

TITANIUM  OXIDE 


ANIMAL  BODY  VT. 
NUMBER  (GMS.) 

ADRENALS 

xlO*^ 

BRAIN 

xlO*3 

HEART 

xlO*3 

KIDNEYS 

xl0*3 

LIVER 

xlO-2 

LONGS 

xlO*3 

TESTES 

xlO-2 

497 

354.70 

2.20 

5.44 

3.07 

8.18 

4.96 

4.31 

0.91 

498 

277.30 

2.31 

6.67 

3.28 

7.86 

4.08 

4.58 

1.07 

499 

293.70 

2.32 

6.37 

3.20 

8.04 

4.28 

4.60 

1.04 

500 

300.40 

2.03 

6.19 

3.20 

7.56 

4.32 

5.23 

1.03 

501 

302 . 20 

1.65 

6.12 

2.98 

7.91 

4.04 

4.47 

0,95 

502 

290.40 

1.76 

6.37 

3.17 

7.58 

4.14 

4.44 

1.03 

503 

292.30 

2.53 

6.29 

3.11 

8.18 

4.39 

4.24 

0.96 

504 

303.20 

1.81 

6.56 

3.27 

7.78 

3.78 

5.15 

1.02 

505 

290.30 

2.07 

6.37 

3.20 

7.82 

2.90 

4.44 

1.01 

506 

297.40 

1.75 

6.32 

3.26 

7.83 

4.70 

4.64 

1.02 

X 

300.19 

2.04 

6.27 

3.17 

7.87 

4.16 

4.16 

1.00 

std.dev. 

20.59 

0.30 

0.33 

0.10 

0.21 

0.56 

0.33 

0.05 
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DATA  AHALYSIS 

ORGAM/BODY  RATIOS  OP  MALE  FISCHER  344  RATS  EXPOSED  TO  SYNTHETIC 
GRAPHITE.  NATURAL  GRAPHITE.  AND  TITANIUM  OXIDE 


24  HOURS  POST  EXPOSURE 


BODY  VT.  ADRENALS  BRAIN 
BARTLETT'S  NS  NS  NS 

ANOVA 
DUNNETT'S 
F-TEST 

KRUSKAL- WALLIS 


HEART 

KIDNEY 

LIVER 

LUNGS 

TESTES 

NS 

NS 

SIC 

NS 

SIG 

SIC 

NS 

NS 

14  DAY  POST  EXPOSURE 


BODY  WT. 

ADRENALS 

BRAIN 

HEART 

KIDNEYS 

LIVER 

LUNGS 

TESTES 

BARTLETT'S 

NS 

NS 

NS 

NS 

SIC 

SIG 

NS 

NS 

ANOVA 

SIG 

SIG 

DUNNETT'S 

SIG 

SIG 

F-TEST 

NS 

NS 

KRUSKAL- WALLIS 
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H5HB-M0-B 


MEMORANDUM  FOR  Cdr,  US  Array  Chemical  Research,  Development  and 
Engineering  Center,  ATTN:  5MCCR-R5T-E,  Aberdeen  Proving  Ground,  MD 
21010>S42S 


SUBJECT;  Exposure  of  Rat  Ears  to  Stressful  Noise  Levels 


1.  In  reference  to  a  question  from  Dr  Sandi  Thomson  on  10  November 
concerning  noise  exposure  for  rats  being  used  as  subject  in  an 
inhalation  experiment,  the  following  information  is  provided. 


2.  The  noise  in  question  is  a  broad  band  noise  with  the  greatest 
concentration  of  energy  at  1000  Hz  Measured  on  a  linear  scale,  the 
intensity  of  the  noise  is  91  decibels  (dB)  when  measured  with  either  a 
1/4  inch  or  1/2  inch  microphone  Of  these  two  microphones,  only  the  1/4 
inch  is  sensitive  at  the  frequencies  which  rats  hear  best  (40,000  Hz). 
The  enclosed  graph  gives  the  1^3  octave  levels  as  measured  with  the  1/4 
inch  microphone . 


3.  Based  on  published  research  (references  Sa  and  b) ,  it  is  improbable 
that  the  noise  levels  below  5,000  Hr  will  cause  any  stress.  Rats  are 
relatively  insensitive  at  these  frequencies  (reference  Sc)  and  they  fail 
to  avoid  noise  levels  as  high  as  100  dB  when  the  spectrum  is 
biased  toward  these  lower  frequencies.  Thus,  the  concentration  of 
energy  at  1,000  Hz  can  be  ignored. 

4.  Rats  will,  however,  actively  avoid  pulsed  noise  in  the  20,000  to 
30,000  Hz  range  at  levels  of  96  dB  (reference  5d)  Since  the  noise  in 
the  inhalation  booth  is  steady  rather  than  pulsed  and  22  dB  lower  than 
the  level  found  to  generate  active  avoidance,  it  is  reasonable  to  assume 
that  the  noise  will  not  introduce  additional  stress.  In  human  hearing, 
a  reduction  of  10  dB  equates  to  a  halving  of  subjective  loudness,  and  a 
reduction  of  20  dB  equates  to  cutting  jthe  loudness  to  one  fourth  of  its 
initial  value. 


5.  References. 

a.  Myers,  A.K.  Contradictory  evidence  for  aversion  to  auditory 
stimuli  resulting  from  different  test  methods.  w^ournal  of  Comparative 
and  Physiological  Psychology.  64;  171'175,  1967. 

b  Sprock,  CM.,  W.E  Howard  and  F.C.  Jacob,  Sound  as  a  deterrent  to 
rats  and  mice.  Journal  of  Wildlife  Management  31:  729-741,  1967. 
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c.  Gourevitch,  G.  and  M.H.  Heck,  Audibility  in  the  ret,  Journal  of 
Conparative  and  Physiological  Psychology  62:  269-291,  1966 

d.  Belluzzi,  J  D.  and  S.P  Grossman,  Avoidance  learning  motivated  by 
high-frequency  sound  and  electric  shock.  4:  371-373,  1969. 


GEORGE  A.  LUZ 
Program  Manager 
Environmental  Noise 
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APPENDIX  E.  AEROSOL  CONCENTRATION  MEASUREMENTS  DURING 

EXPOSURES  AND  AUXILIARY  CHAMBER 
MEASUREMENTS 


Blank 
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SUMMARY  OF  AEROSOL  CONCENTRATION  MEASUREMENTS  DURING  EXPOSURES 


EXPOSURE  DAY  #1  13-Dec-87 

Protocol  #22087000A217 

3 

Aerosol  Concentration,  mg/n 


Elapsed 
Time,  min. 

Chamber 

Natural 

Graphite 

Chamber  1^3 

Synthetic 

Graphite 

Chamber  #4 

Titanium 

Dioxide 

16 

85.7 

124 

66.3 

42 

128 

102 

80.3 

73 

112 

126 

95.8 

109 

140 

100 

99.9 

133 

122 

86.7 

85.7 

163 

133 

98.8 

110 

191 

122 

98.1 

100 

211 

97.3 

98.5 

96.4 

241 

92.3 

DAYHl  STATISTICS 
Average 

117.5 

104.3 

92.1 

Std 

18.3 

13.6 

12.4 

Max  X  Var. 

27.  IX 

20. 8X 

25. 8X 

C.V. 

15. 6X 

13.  OX 

13. 6X 

Std  =  Standard  deviation 

Max  %  Var.  =  Haximuo  X  variation  of  any  one  neaeureBent 
from  the  Bean. 

C.V.  s  Coefficient  of  Variation 
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AEROSOL  CONCENTRATION  MEASUREMENTS  DURING  EXPOSURES 


EXPOSURE  DAY  #2  14-Dec-87 

Protocol  O22087000A217 


Aerosol  Concentration,  mg/in 


Elapsed 
Time,  min. 

Chamber  tt2 

Natural 

Graphite 

Chamber  l»3 

Synthetic 

Graphite 

11 

78.2 

35 

74.5 

93 

48 

94.8 

105 

60 

88.1 

95.9 

86 

108 

93.9 

106 

101 

108 

136 

105 

113 

161 

93.8 

104 

180 

97.7 

103 

208 

102 

111 

233 

89.5 

102 

DAY02  STATISTICS 

Average 

95.4 

100.6 

Std 

9.8 

9.9 

Max  %  Var . 

21.9% 

22.3% 

C.V. 

10.3% 

9.8% 

3 


Chamber  1(4 

Titanium 

Dioxide 


132 

135 

116 

100 

122 

121 

91 

91 

97.2 

92.8 

115 


110.3 
16.5 
22. 4X 
15.03K 
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SUMMARY  OF  AEROSOL  CONCENTRATION  MEASUREMENTS  DURING  EXPOSURES 


EXPOSURE 

DAY 

«3 

15-Dec-87 

Protocol 

i»22087000A217 

O 

Aerosol 

Concentration,  mg/m 

o 

Chamber  1f2 

Chamber  tt3 

Chamber  4t4 

Elapsed 

Natural 

Synthetic 

Titanium 

Time,  min 

• 

Graphite 

Graphite 

Dioxide 

13 

99.5 

92.1 

103 

25 

102 

90.5 

72.1 

43 

92.5 

57 

82 

83.5 

95.9 

86 

93.2 

89.5 

88.6 

112 

106 

106 

73.5 

132 

118 

152 

110 

113 

109 

179 

102 

90 

117 

208 

75.7 

115 

120 

232 

105 

103 

113 

DAY#3  STATISTICS 

Average 

97.3 

98.1 

100.2 

Std 

11.5 

11.4 

17.2 

Max  %  Var 

, 

22. 2X 

17.2% 

28.0% 

C.V. 

_ 

11.8% 

11.6% 

17.2% 

Std 

=  Standard  deviation 

Max 

%  Var.  =  Maximum 

%  variation  of  any 

one  measurement 

from  the  mean . 

C.V 

.  =  Coefficient 

of  Variation 
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AEROSOL  CONCENTRATION  MEASUREMENTS  DURING  EXPOSURES 


EXPOSURE  DAY  #4  16-Dec-87 

Protocol  #22087C)00A217 

3 

Aerosol  Concentration,  mg/n 


Elapsed 
Time,  min. 

Chamber  92 

Natural 

Graphite 

Chamber  #3 

Synthetic 

Graphite 

Chamber  1(4 

Titanium 

Dioxide 

11 

102 

89.3 

108 

31 

96.9 

96.3 

115 

57 

108 

94.9 

116 

86 

94.3 

105 

122 

116 

114 

93 

93.6 

144 

82.5 

101 

90.3 

169 

99.8 

92.1 

85.5 

198 

117 

121 

81.7 

236 

91.2 

97.7 

103 

DAY#4  STATISTICS 
Average 

100.6 

98.9 

101.7 

Std 

11 

9.5 

14.5 

Max  %  Var. 

18.0% 

22.3% 

20.0% 

C.V. 

10.9% 

9.6% 

14.3% 
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SUMMARY  OF  AEROSOL  CONCENTRATION  MEASUREMENTS  DURING  EXPOSURES 


Protocol  1»22087000A217 
OVERALL  EXPOSURE  STATISTICS 

3 

Aerosol  Concentration,  mg/m 

Chamber  Chamber  03  Chamber  04 

Natural  Synthetic  Titanium 

Measure  Graphite  Graphite  Dioxide 


Average 

Std 

S.E. 

Max  %  Var. 
C.V. 


102.1 

14.9 

7.45 

22.3% 

14.6% 


100.4 

10.8 

5.4 

20.7% 

10.8% 


101.5 

16.2 

8.1 

24.1% 

16.0% 


Std  =  Standard  deviation 
S.E.  =  Standard  Error 

Max  %  Var.  =  Average  of  the  maximum  percent  variation 
from  each  exposure  day. 

C.V.  =  Coefficient  of  Variation 
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Kruskal-Wallis  Test:  Input  Data  -  Chamber  Concentraticn .  mg/cubic  meter 


Natura 1 
Grai'hite 

Dl.‘.persei:i  Material 

Synthetic 

Graphite 

Titanium 

Dioxide 

89.5 

100 

88.6 

106 

105 

100 

140 

93.9 

116 

105 

106 

93.6 

74.5 

94.9 

116 

105 

89.5 

95.9 

128 

95.9 

117 

102 

89.3 

97.2 

122 

96.3 

68.3 

102 

108 

108 

82.5 

93 

118 

102 

92.1 

110 

114 

92.1 

120 

91.2 

97.7 

91 

112 

102 

99.9 

102 

98.1 

91 

88.1 

113 

121 

101 

98.8 

113 

108 

102 

122 

99.8 

124 

116 

133 

111 

122 

99.5 

83.5 

90.3 

122 

90.5 

81.7 

97.7 

113 

96.4 

117 

86.7 

80.3 

97.3 

90 

109 

110 

93 

92.3 

96,9 

98.5 

85.7 

94.3 

103 

92.5 

93.2 

121 

85.5 

82 

103 

92.8 

94.8 

101 

95.8 

108 

104 

132 

85.7 

126 

103 

75.7 

78.2 

73.6 

93.8 

115 

115 

105 

100 

n  =  36 

n  =  37 

103 

135 

72.1 

n  =  40 
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F  =iriK 


N-ntUidl 

Graphite 


19  .  r> 

77.5 
113 

74.5 

4 

74.5 
109 

64.5 
104.5 

64.5 

10 

64.5 


91 

26 

87 

64.5 
16 

60.5 

80.5 
55 


111 

54 


104.5 

49.5 

97.5 
48 

84.5 
46 

38 
34 

9 

39 

80.5 

13.5 
5 

36 


Materi'Sl 


Synthetic 

Graphite 


58 

74.5 
37 

77.5 
40 

19 . 5 

42.5 
18 
44 

80.5 

32.5 

27.5 

27.5 

49.5 

64.5 

51 
89 
53 

64.5 
107 

86 

11 

23 

89 

15 

21 

32.5 

52 

69.5 
101.5 

69.5 

60.5 
72 

108 

6 

93 

74.5 


Sum 


2110.5 


Sum  =  2041.5 


Titanium 

Dioxide 

17 

58 

95.5 

35 

95.5 

42.6 

97.5 
47 

1 

80.6 
99 

84.5 
100 

24.5 
56 

24.6 

101.5 
89 

104.5 
93 

104.5 

22 

8 

45 

7 

83 

29 

13.5 

30 
12 

31 
41 

110 

69.5 
3 

93 

58 

69.5 

112 

2 


Sum  =  2289 


I 
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Kruskal-Wallis  Test; 


Summary 


Holl  Hypothee-ie.  ft-'.oeol  Concentrat  ions  for  each  treatment  are  the  same. 


TreatBient . 

N.atura  1 
Graphite 

Synthetic 

Graphite 

Titanium 

Dioxide 

Rank  Sum  ( RS  i  : 

2110.5 

2041 . 5 

2289 

Number  ( n  )  ; 

2 

36 

37 

40 

PS  /  n  = 

123728 . 0 

112641 . 1 

130988.0 

H  Value  =  0.205150 

Degrees  of  Freedom  = 

2 

Critical  Chi-Square 

Value  ®  0.05 

significance  Level  = 

5.991 

H  <  5.991,  therefore 

,  accept  null 

hypothesis . 
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Auxiliary  Chamber  Measurements 


Temperature,  degrees  F  * 


Chamber 

Day  K 1 

Day  K2 

Day  #3 

Day  K4 

01  (Control) 

72.8 

73.3 

73.8 

73.3 

#2  (NG) 

73.9 

74.1 

73.9 

74.3 

«3  (SG) 

72.9 

73.2 

73.0 

72.8 

#4  (Ti02) 

71.8 

72.0 

72.2 

71.9 

♦  All  values  are  the 
standard  deviation 

average  of  four 
of  +/-  1  deg.  F 

measurements 

with  a 

Relative  Humidity, 

percent 

Chamber 

Day  K 1 

Day  K2 

Day  K3 

Day  K4 

IK  (Control) 

29.0 

29.6 

34.0 

30.2 

*♦  All  values  are  the 
standard  deviation 

average  of  four 
of  +/-  1  percent 

measurements 

with  a 

Chamber  Flow  Data 

Chamber 

Flowrate,  1pm 

Air  Exchanges/hr  ““ 

K1  (Control) 

607 

36.4 

#2  (NG) 

1182 

70.9 

#3  (SG) 

1400 

84.0 

K4  (Ti02) 

1051 

63.1 

~  Average  value  computed  from  four  hot  wire  measuremente 
with  a  coefficient  of  variation  of  12  percent  or  leas. 

Based  on  a  chamber  volume  of  1000  liters. 
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PATHOLCX5Y  REPORT 
FOR 

COMPARATIVE  ACUTE  INHALATION  SCREEN  OF 
IRON  OXIDE  AND  GRAPHITE  DUSTS 
FOUR  DAY  EXPOSURE  WITH  ONE  DAY  RECOVERY 
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The  view,  opinions,  and/or  findings  contained  in  this  report  are  those  of  the  author(s) 
and  should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy,  or 
decision,  unless  so  designated  by  other  documentation. 
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Rnal  Pathology  Report  (24  Hr.) 
Protocol  No.  22087000A217 
Contract  No.  DAAA1 5-85-D-0002 

PATHOLOGY  REPORT 

COMPARATIVE  ACUTE  INHALATION  SCREEN  OF 
IRON  OXIDE  AND  GRAPHITE  DUSTS 
FOUR  DAY  EXPOSURE  WITH  ONE  DAY  RECOVERY 


INTRODUCTION  AND  METHODS 

Male  F344  rats  were  divided  into  four  groups  of  twenty  each,  and  three  of  the 
groups  were  exposed  to  100  mg/m^of  natural  graphite  (Micro  650),  synthetic  graphite 
(Micro  260),  or  titanium  dioxide  (substituted  for  iron  oxide)  on  four  consecutive  days, 
four  hours/day.  A  control  group  of  twenty  rats  was  similarly  exposed  to  air.  Following 
the  repeated  exposure,  ten  rats  per  group  were  allowed  to  recover  for  one  day  after 
which  time  they  were  killed  by  carbon  dioxide  asphyxiation  and  necropsied.  The 
remaining  rats  were  allowed  to  recover  for  14  days  after  the  final  exposure  before  they 
were  killed  and  necropsied.  The  pathology  findings  in  the  14-day  recovery  rats  will  be 
presented  in  a  later  pathology  report.  At  necropsy,  the  total  body  weight  and  the  organ 
weights  of  adrenals,  brain,  heart,  kidneys,  liver,  lung,  and  testes  were  recorded. 

All  organs  and  tissues  required  by  contract  were  processed  through  paraffin, 
sectioned  at  approximately  6  pm.  stained  with  hematoxylin  and  eosin,  and  examined 
microscopically.  In  addition  to  the  required  tissues,  an  attempt  was  made  to  evaluate 
peribronchial  lymph  nodes  as  well.  An  occasional  tissue  was  lost  during  necropsy  or 
processing  and  could  not  be  examined  microscopically. 

RESULTS  AND  DISCUSSION 

Gross  Findings 

The  lungs  of  8/10  rats  in  the  group  exposed  to  natural  graphite  and  4/10  rats 
exposed  to  synthetic  graphite  were  discolored  (dark  or  black)  as  shown  in  Section  II. 
The  remaining  gross  observations  were  miscellaneous,  non-treatment-related 
changes.  No  apparent  differences  in  body  or  organ  weights  were  noted  between 
groups  (Section  III). 

Gross  lesions  noted  at  necropsy  or  during  trimming  have  been  correlated  with 
microscopic  diagnoses,  where  possible,  and  are  listed  by  animal  in  the 
CORRELATION  OF  GROSS  AND  MICROSCOPIC  FINDINGS  TABLE  (Section  VI). 
Correlative  microscopic  findings  could  not  be  determined  for  all  gross  lesions. 

Microscopic  Findings 

Summary  data  are  presented  in  the  PROJECT  SUMMARY  TABLES  (Section  IV), 
which  lists  by  group  the  number  of  animals  having  a  given  lesion.  Microscopic  findings 
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Final  Pathology  Report  (24  Hr.) 
Protocol  No.  22087000Ai17 
Contract  No.  DAAA15-85-D-0002 

for  individual  animals  are  presented  by  group  in  the  TABULATED  ANIMAL  DATA 
TABLES  (Section  V).  The  codes  used  in  the  entries  in  these  tables  are  explained  in 
the  Reports  Code  Table  (Appendix  1).  while  topographic/morphologic  abbreviations 
are  explained  in  the  Abbreviations  List  (Appendix  2). 

Treatment-related  changes  were  apparent  in  the  lungs  of  all  rats  other  than  the 
controls.  In  each  case,  brown  to  black,  isotropic  pigment  was  present  either  free  or 
within  macrophages  in  terminal  ainArays  and  alveoli.  Microscopically,  the  three  types  of 
pigment  were  indistinguishable  from  each  other.  No  other  changes  in  the  lungs  were 
associated  with  the  pigment.  Focal  hemorrhage  was  present  in  at  least  one  rat  from 
each  group,  to  include  the  controls,  and  is  believed  to  be  associated  with  the  carbon 
dioxide  asphyxiation.  No  pigment  was  present  In  the  peribronchial  lymph  nodes. 

The  seventy  of  the  pigmentation  was  similar  within  and  between  groups.  It  was 
graded  as  minimal  or  mild  in  all  of  the  exposed  rats  with  only  1/10,  0/10,  and  3/10  rats 
receiving  minimal  grades  in  the  synthetic  graphite,  natural  graphite,  and  titanium 
dioxide  groups,  respectively.  The  reason  why  the  pigmentation  could  not  be  seen 
grossly  in  all  exposed  rats  is  not  known. 

Similar  pigment  was  seen  in  the  colon  of  two  rats  exposed  to  natural  graphite 
and  was  probably  due  to  grooming  or  swallowing  of  material  removed  from  the  upper 
or  lower  respiratory  tract  by  the  mucociliary  apparatus. 

Several  lesions  commonly  found  in  rats  such  as  cardiomyopathy  and 
nephropathy  were  present  in  rats  in  more  than  one  dose  group.  In  addition,  thymic 
hemorrhage  which  is  probably  associated  with  euthanasia  was  present  in  several 
animals.  These  findings  and  all  other  lesions  not  mentioned  are  incidental  findings 
and  should  not  be  associated  with  the  test  substances  in  any  way. 

CONCLUSIONS 

Exposure  of  male  F344  rats  to  natural  graphite,  synthetic  graphite,  or  titanium 
dioxide  by  chamber  inhalation  for  four  days,  four  hours/day,  followed  by  a  one  day 
recovery  resulted  in  lung  changes  in  all  exposed  rats  consisting  of  pigmentation 
(particulate  deposition)  in  alveoli  and  terminal  aioArays.  Pigment  was  both  free  and 
within  macrophages.  No  significant  differences  in  severity  or  composition  of  the 
pigment  deposition  between  groups  could  be  determined. 


March  24, 1 988 
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APPENDIX  I: 
REPORTS  CODE  TABLE 
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PATHOLOGY  ASSOCIATES,  INC. 

LOhPARArjVL  ACUTE  INHALATION  SCTiEEN 
OF  IRON  OXIDE  AND  GRAF’HITE  DU3TC 
2A  HOUR  POST-EXPOSURE  SACRIFICE 

Reports  Code  Table 

M  1  wi  tTiin  normcil  hiistologii;  al  limitT. 

A  Ai.i  Trily  pt  ei' luding  adequ-i 1 1’  evaluaticwi 
TCijfC'.i  o»  g.-in  mjssing 

II  T.i  r-y-i.ior.  un.-ivai  lable/uri'-.u i table  for  evaluation 
S  7  1 '-.suo-V.  not  applicut'Ie  to  ariimal 

»  7  I  .-.I  I.' net  e,vamine<l/not  ^equired  by  protocol 


1  (ir  mi  Ilia] 

m  i  1  d 

0  0- '-;k‘r  o  tf* 

4  iiMr  I'.ed 

)  f  f'C  a  1 

]  djffu-o 

>  mu  1 t i focal 

P  Preoont 

P.  Mcopilasm,  Benign 

M  Neopla:;m,  Malignant  withc'i.it  Metastasis 

C  Mc'Oplasin,  Malignant  with  Metastasis 

X  Metastatic  Site  (+) 

He  data  entered 

(f.rii  of  Report) 
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ABBREVtATtONS  LIST 


EPITH 

Epithelium 

INFLAM 

Inflammation 

OLF 

Olfactory 

RESP 

Respiratory 
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Contract  No.  OAAA1S-85-0-0002 


PQgg  Group 

Control 

Synthetic  graphite 

Natural  graphite 

Titanium  dioxide 


TABLE  11-1 


GROSS  NECROPSY  RNDINGS 


Animil  No. 

Tlsaue  -  Lesion 

421 

Kidney  -  Foci 

452 

Lung  •  Mottled 

453 

Pancreas  *  Nodule 

456 

Thymus  -  Foci 

458 

Lung  -  Grey 

481 

Lung  -  Grey 

482 

Lung  •  Mottled 

483 

Lung  -  Foci 

487 

Lung  -  Dark 

Bronchial  lymph  node  •  Enlarged 

489 

Lung  •  Foci 

490 

Lung  -  Grey 

Mesentery  •  Nodule 

518 

Lung  -  Foci 
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III.  ORGAN  AND  BODY  WEIGHTS 
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Final  Pathology  Report  (24  Hr) 
Protocol  No.  22087000A217 
Contract  No.  OAAAl5-85-0'0002 


Table  IIM 

Organ  and  Body  Weights  (grams) 

Males 


Animal  No.  Group _ BodvWt.  Adrenals  Br^n 


400 

Control 

280.4 

.058 

1.83 

401 

Control 

286.4 

.065 

1.79 

402 

Control 

279.8 

.051 

1.86 

403 

Control 

292.2 

.075 

1.80 

404 

Control 

279.0 

.042 

1.84 

405 

Control 

306.5 

.064 

1.96 

406 

Control 

295.9 

.068 

1.92 

407 

Control 

284.3 

.054 

1.87 

408 

Control 

278.8 

.061 

1.84 

409 

Control 

298.1 

.062 

1.87 

Mean: 

288.3 

.060 

1.86 

rrnn 

Kidnev 

.90 

2.37 

11.59 

1.23 

2.98 

.93 

2.48 

12.61 

1.17 

2.97 

.96 

2.33 

11.44 

1.24 

2.94 

.98 

2.48 

12.75 

1.12 

2.82 

.91 

2.34 

11.98 

1  18 

2.87 

1.04 

2.75 

13.01 

1.30 

3.33 

.96 

2.44 

12.83 

1.46 

2.83 

.95 

2.23 

11.57 

1.26 

3.01 

.91 

2.22 

11.43 

1.21 

2.66 

.98 

2.54 

14.65 

1.07 

2.90 

.95 

2.42 

12.39 

1.22 

2.93 

433 

260 

272.0 

.051 

1.77 

.81 

2.25 

12.58 

1.16 

2.66 

434 

260 

294.3 

.064 

1.91 

.96 

2.37 

12.45 

1.44 

3.00 

435 

260 

286.6 

.058 

1.90 

.90 

2.27 

11.46 

1.45 

2.88 

436 

260 

284.9 

.056 

1.88 

.91 

2.31 

10.70 

1.29 

2.91 

-  437 

260 

266.1 

.049 

1.80 

.91 

2.11 

10.03 

1.25 

3.05 

438 

260 

284.5 

.052 

1.83 

.87 

2.33 

12.66 

1.35 

2.82 

439 

260 

275.4 

.066 

1.87 

.91 

2.31 

13.29 

1.34 

2.98 

440 

260 

273.2 

.049 

1.64 

.92 

2.15 

11.02 

1.36 

2.71 

441 

260 

305.1 

.062 

1.89 

1.03 

2.46 

12.66 

1.32 

3.01 

442 

260 

296.3 

.060 

1.89 

1.01 

2.47 

14.96 

1.36 

3.06 

Mean: 

283.8 

.057 

1.84 

.92 

2.30 

12.18 

1.33 

2.91 

465 

650 

281.7 

.071 

1.88 

.98 

2.33 

11.60 

1.34 

2.87 

466 

650 

304.7 

.065 

1.89 

.93 

2.36 

12.58 

1.69 

3.15 

467 

650 

284.2 

.056 

1.82 

.92 

2.30 

11.04 

1.35 

2.91 

468 

650 

293.8 

.057 

1.89 

.98 

2.37 

12.22 

1.46 

3.03 

469 

650 

297.0 

.049 

1.90 

.93 

2.43 

12.47 

1.37 

3.11 

470 

650 

296.4 

.060 

1.87 

.98 

2.36 

13.13 

1.34 

3.08 

471 

650 

273.7 

.061 

1.83 

.90 

2.06 

10.58 

1.51 

3.16 

472 

650 

301.3 

.050 

1.86 

.97 

2.33 

12.29 

1.51 

3.17 

473 

650 

290.3 

.062 

1.90 

.88 

2.35 

11.92 

1.26 

3.19 

474 

650 

304.5 

.062 

1.83 

.95 

2.40 

13.38 

1.58 

3.04 

Mean: 

292.8 

.059 

1.87 

.94 

2.33 

12.12 

1.44 

3.07 
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BodvWL 

Kidnev 

Lunas 

Test 

497 

TI.DiOx. 

354.7 

.078 

1.93 

1.09 

2.90 

17.58 

1.53 

3.22 

498 

Ti.DiOx. 

277.3 

.064 

1.85 

.91 

2.18 

11.30 

137 

2.98 

499 

•n.DiOX. 

293.7 

.068 

1.87 

.94 

2.36 

12.58 

135 

3.04 

500 

Ti.Diox. 

300.4 

.061 

136 

.96 

237 

12.99 

1.57 

3.10 

501 

Ti.DiOx. 

302.2 

.052 

135 

.90 

2.39 

12.22 

135 

2.87 

502 

Ti.Diox. 

290.4 

.051 

1.85 

.92 

2.20 

12.01 

139 

3.11 

503 

Ti.Diox. 

292.3 

.074 

134 

.91 

2.39 

12.63 

134 

2.81 

504 

Ti.Diox. 

303.2 

.055 

1.99 

.99 

2.36 

11.47 

1.56 

3.09 

505 

Ti.Diox. 

290.3 

.060 

135 

.93 

237 

13.38 

139 

2.92 

506 

Ti.Diox. 

297.4 

.052 

138 

.97 

2.33 

13.98 

1.38 

3.02 

Mean; 

300.2 

.062 

1.88 

.95 

2.37 

13.03 

1.38 

3.02 
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IV.  SUMMARY  TABLE  OF  MICROSCOPIC  FINDINGS  BY  GROUP 
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PATHOLOGY  ASSOCIATES,  INC. 

LM.'MPARATlVt  Ai'Un-  lHHAlArT''<M 
OP  IRON  OXIDE  AND  GRAf'HlTt,  DU070 
24  HOUR  POST” EXPOSURE  SAOR 1  flCE 


Project  Suffifflary  Table 
SIIMHASY:  Incidence  of  NEOPLASTIC  and  NOlrKEOPLASIIC  Nictoscopic  Finding 


PROJECT  ID.  NO;  G-TIU2 

PAGE  1 

SHOUP: 

NUH9ER  OF  ANIHALS: 

FATES; 

DAYS: 

CuNJF.OL 

10 

ALL 

ALL 

MICR0260 

10 

SEX;  MALE 

Hicmso 

10 

Ti02 

10 

1 

1 

1 

1 

BRAIN 

1  El  10 

10 

10 

10 

HENORRHAC-E 

0 

1 

0 

0 

SCIATIC  NERVE 

1  Ei  10 

9 

10 

10 

SPINAL  CO*: 

1  Ei  10 

10 

10 

10 

lYPBAL’S  GLAND 

1  El  10 

10 

9 

9 

SALlVAFr  GLAND 

1  El  10 

10 

10 

10 

PANCREAS 

1  Ei  10 

10 

10 

10 

NANCIBOLAS  L?.N?H  NODE 

1  Ei  10 

10 

10 

10 

THYMUS 

I  Ei  10 

10 

10 

10 

HEMORRHAGE 

0 

3 

1 

TRACHEA 

1  Ei  10 

10 

10 

10 

LARYNX 

1  El  10 

10 

10 

10 

THYROIDS 

t  El  9 

10 

10 

10 

PARATHYROIDS 

1  Ei  9 

8 

9 

9 

PITUITARY 

Appendix  F 
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10 

10 

PATHOLOGY  ASSOCIATES,  INC. 

Ci  'MPARA  I  rVE  ACUTE  INHAl.A  T  lUN  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
:-'4  HOLiR  PuST-EXPOSURE  SACRIFICE 


Project  Summary  Table 

SUdHARY:  Incidence  of  NEOPLASTIC  end  Mt'N-MEOPLASTIC  Micrcsccpic  Findings 


PROJECT  ID.  NO;  6-TI02 

FATES; 

ALL 

PAGE  2 

DAYS; 

ALL 

SEX:  MALE 

GROUP: 

CONTROL 

H1CRO260 

HICRObSO 

Ti02 

NUMBER  OF  ANIMALS; 

10 

10 

10 

10 

1 

» 

t 

I 

LUNGS 

1  El 

10 

10 

10 

10 

HEMORRHAGE 

1 

3 

1 

2 

PIGMENTATION 

0 

10 

10 

10 

ARIERY-MINERALIZATICN 

0 

0 

1 

0 

INTER3TniUM-!NFLA“MiE;'N 

0 

1 

0 

BRONCHIAL  LYMPH  NOtE 

1  El 

s 

5 

10 

7 

EYE 

t  El 

10 

10 

10 

10 

SCLERA-MINERALIZATION 

0 

0 

1 

2 

sclera-inflammation,  ACUTE 

0 

0 

0 

1 

CORNEA-DEGENERATION 

0 

0 

0 

1 

FORESTOMACH  • 

1  El 

10 

10 

10 

10 

GLANDULAR  STOMACH 

1  El 

10 

10 

10 

10 

ESOPKAGUS 

t  Ei 

10 

10 

10 

10 

DUODENUM 

1  El 

10 

10 

10 

10 

COLON 

t  El 

10 

10 

10 

10 

PIGMENTATION 

0 

0 

0 

0 

MESENTERIC  LYMPH  NODE 

1  El 

10 

10 

10 

10 

LIVER 

1  El 

10 

10 

10 

10 

HEPATODIAPHRAGMATIC  NODULE 

1 

1 

0 

1 

SPLEEN 

1  Ei 

10 

10 

10 

10 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATIuN  CCREEN 
(IF  IRON  OXIDE  AND  GRAPHITE  DUSTf: 

:,-i  HOUR  POST-EXPOSURE  SACRirioE 


Project  Summary  Table 

SUMHARY:  Incidence  of  NEOPLASTIC  and  NOM-NEOPLASTIC  Hicrosccpic  Findings 


PROJECT  ID.  NO:  G-TI02 

PAGE  3 

GROUP: 

NUMBER  OF  ANIMALS: 

FATES: 

DAYS: 

CONTROL 

10 

ALL 

ALL 

HICRODbO 

10 

SEX:  MALE 

NICR06S0 

10 

Ti02 

10 

t 

1 

1 

1 

HEART 

i  El 

10 

10 

10 

10 

CARDIOMYOPATHY 

5 

1 

1 

3 

FICKEYS 

1  Ei 

10 

10 

10 

10 

NEPHROPATHY 

1 

2 

3 

3 

SKELETAL  MUSCLE 

1  Ei 

JO 

to 

10 

10 

ADRENAL  CORTEX 

1  £« 

10 

10 

10 

10 

adrenal  medulla 

1  Ex 

10 

10 

10 

10 

TESTES 

1  El 

10 

10 

10 

10 

SEMINAL  VESICLES 

1  El 

10 

10 

10 

10 

SKIN 

t  El 

10 

10 

10 

10 

URINARY  BLADDER 

1  El 

10 

10 

10 

10 

MINERALIZATION 

1 

0 

0 

0 

PROSTATE 

1  Ei 

10 

10 

10 

10 

BONE  (STERNUM) 

1  El 

10 

10 

10 

10 

BONE  MARROH 

1  Ex 

10 

10 

10 

10 

NOSE 

1  El 

10 

10 

10 

10 

OLF  EPITH-INFLAM,  ACUTE 

0 

1 

0 

0 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
2T  H'.'iUR  POST-EXPOSLIRE  SACRIEICE 


Project  Summary  Table 
SUMHARY:  Incidence  of  HEOPLASTIC  end  MOH-NEOPLASTIC  Hicroscopic  Findings 


PSOJECr  ID.  HO:  G-TI02 
PAGE  4 


FATES:  ALL 

DAYS:  ALL  SEX:  HALE 


GROUP: 

NUH8ER  OF  ANJHALS: 


CONTROL  NICR0260  HICR0650 
10  10  10 


Ti02 

10 


t 

NOSE  I  El  10 

RESP  EPITH-HYPERPLASIA  0 


I  I  I 

10  10  10 

0  2  0 


(End  of  Report) 
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V.  TABULATED  INDIVIDUAL  ANIMAL  TABLE 


P 

y  , 

i  , 

I 

I 

I 

I 


I 


I 


I 
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L 


I 


PATHOLOGY  ASSOCIATES,  INC. 

COMPARArrVl:  ACUTE  INHALATION  SCREEN 
OF  ICON  O.....JE  AND  GRAPHITE  LLISTS 
2-1  HULlf^  PUST-FXPOSURE  SACIMEICE 


Tabulated  Animal  Data 


PROJECT  ID:  G-TI02  GROUP:  CONTROL  SEX:  H 
PAGE  1  FATES:  SCHEDULED  SACRIFICE 


DAYS;  ALL 


ANINAL  ID.  NO: 


BRAIN 


SCIATIC  NERVE 

SPINAL  Ci'RD 

ZiMBAL’S  GLAND 

SALIVARY  GLAriD 

PANCREAS 

HA.NDISL'LAR  LYNPH  N'vE 

THr’L'5 

TRACHEA 

LARYNX 

THYROIDS 

PARATHYROIDS 


4C0  401  402  403  404  405  406  407  408  409 

NNNNNNNNNN 

N  N  N  N  N  N  N  N  N  N 

NNNNNNNNNN 

NNNNNNNNNN 

N  N  N  N  N  N  N  H  N  N 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

UNNNNNNNNN 

UNNNNNNNNN 

(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALAllOM  SCREEN 
UE  IRON  OXIDE  AND  GRAPfilTE  DUSTS 
:j4  WCiUR  POST-EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID:  G-TI02  GROUP:  CONTROL  SEX:  H  OATS:  ALL 

PAGE  2  FATES;  SCHEDULED  SACRIFICE 


ANINAL  ID.  NO; 


400  401 


402  403  404  405  406  407 


408  409 


PITUITART 


N 


LUNGS 

HENORRHAGE  (1) 

INTERSTITIUN-INFLAPflATION 


<1)  <1> 


N 


BRONCHIAL  LT.HPH  NODE 


ETE 


FORESIOHACH 


N 


GLANDULAR  STcNACH 


N 


ESOPHAGUS 


N  N  N  N  N  N 


N  N  N 


N 


DUODENUN 


N  N  N 


N  N  N  N  N 


N 


COLON 


H 


HESENTERIC  LTNPH  NODE 


N 


LIVER 

NEPAT0DIAPHRA6KATIC  NODULE 


N 


(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

noMPARATIVF:  ACUTE  iNHALArrCN  SCREEN 
i.T  IRON  OXIDE  AND  GRAPHITE  DHSI S 
r.'4  HOUR  POST 'EXPOSURE  SACRIFH.  f 


Tabulated  Animal  Data 


PROJECT  ID:  S-TI02  GROUP:  C'.'NTROL  SEX:  H  DAIS:  ALL 

PAGE  2  FATES:  SCKED'JLEJ  SACRIFICE 


ANIMAL  ID.  MO: 

SPLEEN 

HEART 

CARDIOMrOPATHT 

HDNEYS 

NEPHROPATHY 

sxeletal  muscle 

ADRENAL  CORTEX 

ADRENAL  MEDULLA 

TESTES 

SEMINAL  VESICLES 

SKIN 

URINARY  BLADDER 
MINERALIZATION 

PROSTATE 


400  401  402  403  404 

N  N  N  N  N 

N 

112  1 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  H 

N  N  N  N 

-  (1) 

N  N  N  N  N 


405  406  407  408  409 

N  N  N  N  N 

N  N  N  N 

1  -  -  ■  - 

N  N  N  N 

1 

N  N  N  N  N 

N  H  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

H  ;;  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


{Report  Continued) 
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ANIMAL  ID.  NO; 
eONE  (STERNUM) 

BONE  MARROW 


400  401  402  403  404  405  406  407  408  409 

NNKNNKNNNN 

N  N  N  N  N  N  N  N  N  N 

N  N  K  N  N  N  N  N  N  N 

(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

OnMf'ARATlVE  ACUTE  IMHAI  ATION  SCREEN 
i.'E  IRON  OXIDE  AND  GRAPHriE  DIJSTS 
?4  HOUR  PoST-EXRO^UPE  SACRTF'TlT. 


Tabulated  Animal  Data 


PSOJECT  ID:  6-TI02  GROUP;  NICR0260  SEX:  H  DAYS;  ALL 

PAGE  5  FATES:  SCHEDULED  SACRIFICE 


AKIMAL  ID.  MO: 

SRAIM 

HEMORRHAGE 

SCIATIC  NERVE 

SPINAL  C'.'RD 

2YM8AL’S  SlAND 

SALIVARY  GLAND 

PANCREAS 

MANDIBULAR  LYMPH  NODE 

THYMUS 

HEMORRHAGE 

TRaCHEA 

LARYNX 

THYROIDS 


433  434  435  43G  437  438  439  440  441  442 

N  N  N  N  N  N  N  N  N 

. (1) 


N  U  N 


N  N  N  N  H  N 


N  N  N  N  N  N  N 


NNNNNNNNNN 


NNNNNNNNNN 


NNNNNNNNNN 


NNNNNNNNNN 


N 


N 


N 


N  N  N  N  N  N 


N  N  N  N 


N  N  N 


N 


N 


N 


N  N  N  N 


N  N  N  N  N  N 


N  N 


N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPAKATJVr  ACUTE  INHALAriON  t'CREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
H')UR  Ri'ST-FXPOSUHE  SACniFJCt. 


Tabulated  Animal  Data 


PROJECT  ID:  6-TI02  GROUP;  HICfi0260  SEX:  H  CATS:  ALL 

PAGE  7  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO; 

LIVER 

HEPATOBIAPHRAGMATIC  NvDL'LE 

SPLEEN 

HEART 

CARDIV.IYOPATHT 

KIDNEYS 

NEPHROPATHY 

SKELETAL  HUSCLE 

ADRENAL  CORTEX 

ADRENAL  HED'JLLA 

TESTES 

SEMINAL  VESICLES 

SKIN 

URINARY  BLADDER 


433  434  435  436  437 

N  N  N  N 

P 

N  N  N  H  N 

N  N  N  N  N 

N  N  N  N 

1---- 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  K  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


433  439  440  441  442 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N 

1  -  -  -  - 

N  N  N  N 

I--  -* 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

( )' iA  I  I VE  ACU7L  J  NHALATIC'N  Sl';Rf-‘tN 
or  IRON  OXIDE  AND  GRAPHITE  DUSTSi 
24  HOOP,  POMiT-EXF’iiSORE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID:  G-TIO?  fiROUP:  HICROJbO  SEX;  «  DATS:  ALL 

S  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO; 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

PROSTATE 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

BONE  (STERNUM) 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

BONE  NARROW 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

NOSE 

N 

N 

N 

N 

N 

N 

N 

N 

N 

OLF  EPITH-INFLAM,  AC'JTE 

(1) 

(Report 
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PATHOLOGY  ASSOCIATES,  INC. 

C'.'liPARATIVE  ACLITF  INHALATION  SORERM 
OF  IRON  OXIDE  AND  GRAPHITE  DUOTS 
24  HOIJR  POiir-EX post  IRC  SACRIFIC  E 


Tabulated  Animal  Data 


PROJECT  ID:  G-II02  SKOUF:  ItlCROiSO  SET;  N  DATS;  ALL 

PASE  9  FATES:  SCHEDULED  SACRIFICE 


ANII1AL  ID.  NO; 

BRAIN 

SCIATIC  NERVE 

SPINAL  CORD 

ITHBAL’S  GLAND 

SALIVARY  GLAND 

PANCREAS 

MANDIBULAR  LYMPH  NODE 

THYMUS 

HEMORRHAGE 

TRACHEA 

LARYNX 

THYROIDS 


465  466  467  468  469  470  471 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 

N  N  N  H  N  N  N 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 

N  N  N  N  N 

2  1*'-- 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 

N  N  N  N  N  N  N 


(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

L'cMPARAriVE  ACUTE  IMHALATTON  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
;'4  HO//R  POST- EXPOSURE  SACRIflCE 


Tabulated  Animal  Data 


PROJECT  ID:  G*T102  GROUP:  HICR06SO  SEX:  M  DAYS:  ALL 

PAGE  10  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO: 
PARATHYROIDS 


PITUITARY 


LUNGS 

HEMORRHAGE 

PIGHENTATIvN 

ARTEP.Y-MIHEPALIIATIOH 

INTERSTITIUH-ISFLAM.IATI'jN 


BRONCHIAL  LYMPH  NODE 


EYE 

SCLERA-MIHEPALh’ATIjN 


FORESTOMACH 


GLANDULAR  STOMACH 


ESOPHAGUS 


DUODENUM 


COLON 

PIGMENTATION 


AGS  46b  467  466  469 

U  N  N  N  N 

N  N  N  N  N 

(1) 

2  2  2  2  2 

(2) 

N  N  N  N  N 

N  N  N  N 

-  (2)--- 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

(Report  Continued) 


470  471  472  473  474 

N  N  N  N  N 

N  N  N  N  N 

2  2  2  2  2 

:i)  -  -  .  . 

N  N  N  N  N 

N  N  H  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N 

1  *  *  -  1 
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PATHOLOGY  ASSOCIATES,  INC. 

CftMPARAriVt  ACLITE  INHALATIOM  SCPEEM 
OF  IKON  OXIDE  AND  GRAPHITE  DUSTS 
24  HOUR  POST -EXPOSURE  SACK  IFl  L'E 


Tabulated  Animal  Data 


PROJECT  ID;  6-TI02  GROUP:  HICRC6S0  SEX;  N 
PAGE  IJ  FATES:  SCHEDULED  SACRIFICE 


DATS:  ALL 


ANIMAL  ID.  NO: 
HESENTERIC  LYMPH  NODE 


AtS  466  46?  468  469  470  471  472  473  474 

N  N  N  N  N  N  N  N  N  N 


LIVER 


NNNNNNNKNN 


SPLEEN 


NNNNNNNNNN 


HEART 

CARDr'HYOPATHY 


NHNNN  NNNN 

. I  .  .  -  - 


KIDNEYS 

NEPHROPATHY 


N  N  N  NNNN 

1  *  -  -  -  1  1 


SKELETAL  MIECLE 


NNNNNNNNNN 


ADRENAL  COR TEY 


NNNNNNNNNN 


ADRENAL  MEDULLA 


NNNNNNNNNN 


TESTES 


NNNNNNNNNN 


SEMINAL  VESICLES 


NNNNNNNNNN 


SKIN 


NNNNNNNNNN 


(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC.  ^ 

COMPAf-iATIVF  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUST? 

24  HOUR  POST-EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


1 


PROJECT  ID:  G-TIOC  SRCUP:  MICR0650  SEX;  H  DAYS:  ALL 

PAGE  12  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO: 
URINARY  BLADDER 

PROSTATE 

BONE  (STERNUH) 

BONE  HARRON 


46S  4b6  467  468  469  470  471  472  473  474 

NNNNNNNNNN 


N 


N 


HOSE 

RESP  EPITH-HYPERPLASIA 


N 

(1)  (1)  * 


1 


M 


I 


(Report  Ccntir.ued) 


1 


i 
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PATHOLOGY  ASSOCIATES,  INC. 

comparattve:  acute  inhal.ation  screen 

OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
?4  HOUR  POST-EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID:  6-TI02  6R0UP:  Ti02  SEX:  M 
PAGE  13  FATES:  SCHEDULED  SACRIFICE 


DATS:  ALL 


ANIMAL  ID.  NO.- 


BRAIN 


497  498  499  SOO  501  502  503 

N  N  N  N  N  N  N 


SCIATIC  NERVE 


N  N  N  N  N  N  N 


SPINAL  CORO 

ITMBAL’S  GLAND 


N  N  N  N  N  N  N 


N  N  U  N  N  N  N 


SALIVARY  GLAND 

PANCREAS 


N  N  N  N  N  N  N 


N  K  N  N  N  N  N 


HANOISl'LAR  LYMPH  NODE 


N  N  N  N  N  N  N 


THYMUS 

HEMORRHAGE 


N  N  N  N  H  N  N 


TRACHEA 


N  N  N  N  N  N  N 


LARYNX 


N  N  N  N  N  N  N 


THYROIDS 


N  N  N  N  N  N  N 


(Report  Continued) 


Appendix  F 


143 


PATHOLOGY  ASSOCIATES,  INC. 

COMPARA  r  1  VI-  ACUTE  IMHAI.  ATIUM  SCREEN 
OF  IRON  OXIDE  AMD  GRAPHITE  DUSTS 
0-1  H''<un  P'.-ST- EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID;  6-TI(i2  6K0UP;  Ti02  SEX:  M  DATS;  ALL 

PAGE  14  FATES:  SCKESULEO  SACRIFICE 


ANIHAL  ID.  N<J; 
PARATHYROIDS 

PITUITARY 


LUNGS 

HEHORRHASE 

pigmentation 


BRONCHIAL  LYMPH  NODE 

EYE 

SCLERA-HINERALIIATION 

sclera-inflahhation,  acute 

CORNEA-DEGENERATION 


FORESTOHACH 


GLANDULAR  SEXACH 


ESOPHAGUS 


DUODENUM 


COLON 


4?7  498  49?  SOO  501 

N  N  N  N  N 

N  N  K  N  N 

(2) 

2  112  2 

N  U  N  N  U 

N  N  N  N 

(1) 

(2) 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


S02  503  504  505  SOG 

U  N  N  N  N 

N  N  N  N  K 

(1)---- 
2  2  12  2 

U  N  N  N  N 

N  H  N 

-  (2) 

-  (1)  - 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCHEEM 
•  'f-  IRON  OXIDE  AND  GRAPHITE  DLETTO 
2A  H'.'UR  POST -EXPOSURE  SACK  1 F- IC  E 


Tabulated  Animal  Data 


PROJECT  10:  6-TI02  SROUP;  Tio2  SEX:  «  DATS:  ALL 

PAGE  15  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO; 
NESENTE.RIC  LTHPH  NODE 

LIVER 

HEPATODIAFH»«GfATIC  NODULE 

SPLEEN 

HEART 

CASCIOHrOPATH' 

(IDHETS 

NEPHROPAIHT 

SXELETAL  NL5CLE 

ADRENAL  CORTEX 

ADRENAL  NEEULLA 

TESTES 

SEMINAL  VESICLES 

SKIN 


497  498  499  500  501 

N  N  N  N  N 

N  N  N  N 

P---- 

N  N  N  N  N 

N  N  N 

1  1  -  * 

N  N  N 

11--* 

N  K  N  H  N 

N  N  N  N  N 

N  N  H  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

(Report  Continued) 


502  503  504  SOS  506 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N 

1 

N  N  M  K 

1 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  91 
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PATHOLOGY  ASSOCIATES.  INC. 

comparative  ACLITE  inhalation  ccreen 
or-  IRON  OXIDE  AND  GRAPHITE  DCSrS 
2  i  f'OuLr-EXPOSTiRF.  CACRIEICE 


Tabulated  Animal  Data 


PROJECT  ID;  S-:i02  GROUP;  Ti02  SET;  M  DAfS:  ALL 

PAGE  16  FATES;  SCHEDULED  SACRIFICE 


ANIHAL  ID.  NO; 
URINARY  BLADDER 

PROSTATE 

BONE  (STERNUM) 

BONE  MARRCU 

NOSE 


407  493  499  SOO  SOI  SC2  503  504  505  506 

N  N  N  N  N  N  N  N  N  N 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 


NNNNNNNNNN 


(End  of  Report) 
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VI.  CORRELATION  OF  GROSS  AND  MICRO  FINDINGS 
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PATHOLOGY  ASSOCIATES,  INC. 

C'.’MF’ARAT  I  VH  ACU  I'E  INHAl.Ariii'N  i'lilRlILN 
"F'  IR'.'N  OXlDt  AND  hh'AF-ni  FE  DU;. 7  3 
DA  HOUR  P'lST-EyPOSI.iRE  ^ACRIF-IC'E 


Correlation  of  Gross  &  Micro  Findings 


PRO.TEcr  ID:  G-ri02  GRiUiJP:  CuN  i  ROL  SEX:  M.M.  E  DAYS:  ALL 

DAGF  I  fAIFS:  AIL 


AiirriAL  U'!':  jun  FVMHOLOGrST:  L.MCi 

AI'IFMAL  FA  IF:  SUHF  DULED  SAUR7FTCE 

DAYS  ON  TEST: 15 

RI-;i-'EFT:IILE  !'■'  MEl'R'.'FS  F  RfrOli):  F^ELAlT-rD  HIsrOF'AVHOLOGY: 


ANniAl.  110:  401 

.MUMAl,  FA7F:  -  i.HEi.'Ul.  EU  SAi;:!.’lF  rC'.E 

REFEREMOE  ft.)  NFCFOPSY  FEOOHD: 

.-•.MIMAL  MO:  ’  'jOD 

AM'NAL  F'AH':  ' .I'.HL', Dml  FD  '.'  AURiriOb 

iJi.E  li>  UEOF<''i|’SY  iFL'LURl): 


PATHOLOGIST:  LMB 
DAYS  ON  TEST:  15 
RELATED  HTSTOPATHOLOGY: 

l•'ArH'■'L.0GI3r:  LHR 
DAYS  'ON  TEST  :  15 
RELAILD  HI;-.  F'.'PA  I  M'.'l  i.'(:,Y: 


AMTMAL  M'"':  403 

AMif-tAL  FATE:  SC-HEDULED  SACTUFJOE 

REFERENCE  TO  NECROPSY  RECORD: 
>MAMDIBLILAR  LYMPH  NODF>RED 


f'AriE'l  "UlST:  LIIB 
DAYS  ON  TFST:]5 
RELA  TED  H  IS  I'l 'i-'ATHOl.  OGY  : 

NO  CCTJT'L  1.ARY  CHANGE  DETECTED 


V  If  t  Ccn  ti  rn.K.'d) 

I 
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PATHOLOGY  ASSOCIATES,  INC. 

(  <  iMPAr‘ATlVE  ACUTE  INHALATION  SCPL  f.  N 
OF  II^ON  OXIDE  AND  ORAFHnE  I>ueirs 
;M  HOUR  POST 'Exf‘0£:URE  SACDIFIi  E 


Correlation  of  Gross  &  Micro  Findings 


pi'll  fCi'T  i'):  G-'ilo:,'  GROUP:  OONVRol.  0^  X :  NAl  E  DA'rS:  All 

PAUL  f'AIES:  ALL 


ANIMAL  MO:  O.'M  PATHOLUGISI:  L  MB 

ANIMAL  fAlE:  oivuF.  !:i  IL  !  I)  AACRIP  1  CE 

DAYS  ON  I  EOT : ] 5 

REPERt.NCE  TO  NFt.Ri;ipi.r  RECORD:  RELATED  HISTOPATHOLOGY  : 


ANIMAL  MO:  U'S  PAIHOLOGTST:  LHB 

ANIMAL  FAT":  i  FD  ACRJF'Tl'.E 

DAYS  ON  TEST: 15 

R1:i-'EI-'EHC:E  to  NL'i;  R'.'P'.-Y  I-L-COKD:  related  HISTOPATHOLOGY : 

M  IM.R,  f'M'IAM  I  '  Hi:-  ,  '..■<1':<4MM,  liver-  HEPAIODIAPHRAGMATIC  NC'DULE 

r.'Ol.iMD,  PRi.'WM,  O'.  IT 


ANIMAL  NO:  ■  ;N,s  PA  T I  If'l  OG I  ST  :  LHB 

ANIMAL  l-ATF:  i  !  C  riiU,  E :  -  lAOpmrE 

DAYS  ON  TEST: 15 

l-r'I-LPl-.Mi.'T;  T'l.i  I  I'.V  ' '.'f-SY  I-a.'C'.'PD:  RELAIED  MTSl'.'PAlNi.'LOGY: 

>  N'l-IE:  M''S1:-F:<II  MSIVE  BLOOD  IN 

THE  CAVriY,  BUT  HO  INDICATION  UF 
ORIGIN  '■'T-  PL'’'''n.  ir  IS  BELIEVED 
TO  BE  A  Lh'SUl.  I  i.ih  NI'CROPSY. 


(Rppnrt  Con  t  inupij) 
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PR(.'J[-.C:T  ID:  ' 
f'AUF  o 

ANIMAL  Nil; 
ANIMAL.  KAIF: 

F.FF'ERFNLE  TO 

ANIMAL  NO: 
ANIMAL  FAIE: 

HEFFNL'Nl'E  Iu 

ANIMAL  N'.i: 
ANIMAL  rAIC: 

KLFEFfMri-  I'.i 


PATHOLOGY  ASSOCIATES,  INC. 

ri  .MPARATIVE  ACLITF  INHAl.AIIi.'N  ■.-iOPL'.EN 
i.'F  IFL'N  i.'XIDE  AND  GRAPHIIE  IONOVS 
'•4  HLiNR  P'.'Sr-ExPOMJRF  L.ACL  IFIL'E 


Correlation  of  Gross  &  Micro  Findings 


I  rr'j;.‘  GROUP:  CONIRol.  OE> :  MALE 

FAILS:  Al.L 


DAYS:  AL.I. 


V.I  -'  PA  rUOL.OGIST:  L.NP 

01  -NFl'i.ll  FD  F  AI.'RIFICE 

DAYS  "N  TEST: IS 

NLTCRoPSY  KLCOFD:  RELATED  HIS  TOPATHOL.OGY : 


4n::i  PAIHOLT'GTST:  LHR 

'■  i-hr'DI  FD  ^  AOF^IFJCE 

DAYS  ON  TEST: IS 

IiL'iOP' m'OY  KLL'iPD:  RELATED  HTSToPA  I'HOLOGY  : 


FOiiElL  1  LD  '  AT'RIFiCE 

NF  i;  pi.'P ''Y  RF.i'i 


PEL  A  I'ED 


PArHOLi'GrST:  LHB 
DAYS  ON  IEST:1S 
HIOTOPA  rW'l  LGY: 


( fO.-pOr  t  il'iri  t  i  riMt'd ) 
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>'A'UJCCr  ID:  I 

f-AGE  4 

ANIMAL  MO: 
ANIMAL.  FA  IE: 

REFERENl'E  TO 

ANIMAL  NO: 

AN  I  MAI  FATE: 

REFERLNr.  E  TO 
M.I.lNijS-PARK 

ANT  MAI.  NO: 
ANIMAL  FAU::’ 

i-I.-l-LPliNi  E  I'.' 

ANIMAL  Ni;': 
MMMAL  FAIF: 

REFERENl-E  TO 
>L  LING- DARK 


PATHOLOGY  ASSOCIATES,  INC. 

C':iMF'Ar-:AT10E  ALLNE  rNMAl.A'ni.’N  Or.KLl'N 
OF  TR'-'N  I'XIL'E  AMI)  GRAI'HITE  DliSTS 
24  HOIIK  f'.'OT  -L'.XPoOl.iRE  LAi:KIKH.E: 


Correlation  of  Gross  &  Micro  Findings 


ij-T.li.'2  GR'Xii-':  M I  ClJ'.Ll'oO  LEX:  MALE  L'A'iS:  AIL 

FATES:  ALL 


40'  I’ArHnLi'GroT:  l.HB 

Oi;  HLl.IILHD  OAl  KlElOE 

DAYS  L'N  TEST:  IS 

NECROPSY  HECuRD:  RE  LA  I'M)  HlSTOPATHOl.'.'GY  : 


■tC4  PATHOLOGIST:  LHB 

SCHEI'l.iL  h'l)  SAi  PIP  If  E 

DAYS  ON  TEST: 15 

NPX'RC'F'  .r  PCiN-.pD:  REL.A  IT-.D  HISTOPA  THOLOGY  : 

LONGS-  PIGMENTATION 


4oS  F’AfHiiLOGlST:  LHB 

SCI-a.lHft  l..n  SACRIETiTI 

DAYS  'N  IE- ST:  15 

NECKL'PSY  I'E-.CnpD:  Pl.LArED  H  i:.  r'.'PATHOl.OOY: 


4.V;6  PATHOl  OG.1ST:  LHB 

Si.iHEDNLE  n  ^  ACPIF  ICE 

DAYS  ON  rEST:J5 

NECROPSY  PEC'.'RD :  REL.  A  1  ED  HI  ST  OPA  1 1  ii.'L.oG  Y  : 

LUNGS  P  T  Gf ir-  M  TATI i.'N 


(Pt'f  't  t  I'L  r.t  ir.Mod) 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACOlE  If)!(ALAriON  CCPTTN 
OF  IRON  OX  IDF  AND  ORAPHITE  DUSTS 
24  HOUR  POST  K/.t’VSi.iKE  SAORJPICE 


Correlation  of  Gross  &  Micro  Findings 


PFTOTECT  TP:  a-ri'.i2  CROOP:  MTCRi'O^.O  ?EX:  MALE  DAYS:  ALL 

PAGE  5  FATES:  ALL 


AtUMAL  MO:  4.S7  PAT  Hi.'l  OG  1ST  :  LHB 

ANIMAL  FATE:  St::nED"l  ED  SACRILT-'E 

DAYS  ON  TEST: 15 

RF^FERENCE  TO  NECROPSY  RECL'ET):  REl.ATED  HISTOPAVHOLOGY : 

MIVER,  MEDIAN  LOPE' N'l'iDMLE ,  /.y/iX2MM,  LIVER-  HEPAToD  I APMRAGMATIC  NODI.ILE 
TRRr-GOLAR 


ANIMAL  MO:  ‘r.'S  PATHOLOGIST:  LHB 

AMTMAt.  fATF:  SC!  iEDOl  ED  SACRlFTi-E 

DAYS  ON  TEST: 15 

REFfiPENi.  E  10  NPL'RL'PSY  RECiuRD:  RELATED  HIS TOPA THOL.OGY ; 

>IAINGS-DARK  I.  M|JL-.-  PIGMENTATToN 


ANIMAL  I'lO:  "iAO  PATHOLOGIST:  LHB 

ALiTMAL  EATIV:  I'U;  Hi-DOI.  P  D  SAi.T'IEiOE 

DAYS  ON  TEST: 15 

r'EfL;Pi:i  ICE  r-'  L'LiiR'TPSY  PECOPD:  LELATED  HIST''F'ArHNLOGY: 


( Ri--p(.n  t.  (’on  f  inued) 
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PATHOLOGY  ASSOCIATES,  INC. 

I'.'.'MPARAT  IVE  ACUTE  INHALATION  CCPhEN 
'  >(■  IKON  OXIDE  AND  CRAPHITE  DU?!  S 
;-4  HOUR  POST -EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


I 'HO  TEC  r  I:):  G  - 1  OX?  OCOUP:  MICf;0L>.0  SEX;  MAl.E  DAYS:  ALl 

P.MjE  o  FATES:  ALL 


ANIUAL  NO:  440  PATHOLOGIST:  LHB 

A.MIliAl.  FATE;  Sr'HFr.HU  I  D  SACRIFICE 

DAYS  ON  TEST:! 5 

REFEREMi'.E  10  NECROPSY  RECORD:  RELATED  HISTOPA THOLOGY : 


ANIMAL  NO: 

44  1 

PATHOLOGIST:  LHB 

ANIMAL  FATE; 

SCHEDUL  L  n  ; ACRTF ICE 

DAYS  ON  TEST: 15 

REREREMCE  TO 

NFCRi''PS Y  RECORD : 

RELATED 

HISTOPATHOLOGY: 

/LONG-  DAPX 

L  LINGS- 

PIGMENTAT ION 

ANIMAL  MO;  -lap  PATHOLOGIST:  LHB 

A,NIMAl.  l-AVr-::-  SCHEDOLLD  SACK  I F  TCF 

DAYS  UN  TEST: IS 

RLI-'ERENCE  Tl'  NrCR'.'P';;Y  lU.CcRD:  RELATED  HIST'.'PA  t  HUL OtiY  : 


(Repor  t  C'.'nt  ini.ied) 
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PATHOLOGY  ASSOCIATES,  INC. 

C'.'MPARAriVE  ACUTE  INUALAT  LvN  U 

uf  IRON  OXIDE  and  GKAfUITE  DUSTS 
PA  HOUR  P'JSr-HXPOSURE  SACRIFK.T- 


Correlation  of  Gross  &  Micro  Findings 


FRi'JEcr  TD:  G-'FDj2  GROUP:  MICROt.SO  SEX:  MALE  DAYS:  ALL 

PAGE  7  FATES:  ALL 


ANIMAL  NO;  U.-.S  PA T  N'  tl. OGIS  T :  I  HR 

ANIMAL  PATE:  S.I..HL- I'l'LED  r'ACRlFlcE 

DAYS  ON  TEST: IS 


REFERENCE  TO  NECROPSY  KEnORD:  RELATED  H ISTOPATHOLOGY : 

>LtJNGS-aLACX  LUNGS-  fU.MENTAT  ION 

.-'KIDNEYS -MOT TLED  NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  .ir.r,  PATHOLOGIST:  LHB 

ANIMAL  PATE:  !■;  CNt- ['NLED  SACRIFICE 

DAYS  ON  TEST: 15 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPA THOLUGY : 

>1..IINGS--DAF:K  lungs-  PIGMENTATION 


ANIMAL  N'T:  ■m..7 

ANIMAL  FCM'l-;  SCMLDNl.  ED  SAi;;kIF1'-E 


PATHOLOGIST:  LHB 
t:'AYS  ON  TEST:  15 


P!-FF/-i;Ni.:e  TO  NKCRuPSY  RbVVRD: 


PEL  A I  ED  HIS?  '.'PA  I  HOLOGY  : 


>L  I ING-DARK 


lUNGS-  PIGMEMTAIIUN 


( Ropor  t  Con  t inufd ) 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ArUTE  If(HALAfi<iM  SilTJftN 
i.'if-  rP'.'N  ■'XioE  and  ijR/.rifiit-  I'Upt.s 
;?4  HOLIH  POST-h>.f’<'PliKE  CHIP  ICE 


Correlation  of  Gross  &  Micro  Findings 


rri'llFi'CT  ID:  C-Tli.'O  CR'-Uf:  MlC.T;O(,f.0  MALE  DAYS:  ALL 

PAGE  L-i  FAIEG:  ALL 

AMIMAI.  r-iO;  f’ArHO/.OGiGT:  l.Kfi 

ANIMAL  FATE;  GCHE!  ■LU.  IT)  ‘‘ACRIFICE 


DAYS  r.-N  TEST;  15 

REFFRENCE  to  necropsy  FECC'RD:  RELATED  HISTOPA INOLOGY : 

>PANCPEAS-N''L'LI1.E,  iSlYJMM,  R(  ( IND ,  RED  MO  C'iRAi.lARY  CHANGE  DETECTED 


ANIMAL  L!0:  .o 

ANIMAL  PAIE:  sCHE::'N1,ED  SAC-R  I  FICE 


'■-'EFLRENi.'E  TO  NF.C.ROF’SY  hTECORD: 
H,CMCS-PARK 


PATHOLOGIST:  LHB 
DAYS  I'tN  TEST;  15 


REL.A  I  ED  1 1  ISTOF’ATHL'LOGY  : 
LUNG'S-  pigmentation 


Al'iMAl.  NO:  •N'U 

ANIMAL  FATE:  ;.i.  Hi- IS.  IL.ED  C.ACRTFICC 


PATH'..L0G1ST:  LHB 


DAYS  CN  TEST: 15 


REf'FFl'Ni.'E  lu  .JECPOI-'SY  Hl-ICOPD: 
M  Cl  I'VS  ■  F'LACK 


RELATED  HIS  I OPATHOLOGY; 
LI  iNGS-  P  ICMLI'ITA  I  I'SN 


(Report  Centinue-J) 
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PATHOLOGY  ASSOCIATES,  INC. 

comparative  acute  IMHAlAIJtlN  CCRFEN 
IRON  (.•XJDE  AND  GRAPH  HE  DUC  IS 
24  HOUR  POST -EXPOSURE  CACRIFICT: 


Correlation  of  Gross  &  Micro  Findings 


pr;n,iFi:  r  U):  G- r  I  i  .p  GROUP:  MICl*tw-.SO  SEX:  MALE  DAYS;  ALL. 

PAGE  O  FATES:  ALL 


ANIMAL  NU:  PATHOLOGIST:  l.HB 

ANIMAL  FAFF:  ^  ruF.  I'Ol  !. I)  ^.ACRIFICE 

DAYS  ON  TE‘ST:15 

RLFFEflFMCE  TO  NLTRmPSY  F^’ECORD:  RELATED  HISTOPATHL'LOGY: 

MUMG  D/.RK  I  UNGS-  PTGMEMTA  I  T^N 


ANIMAL  HO:  .rc-?  PATHOl  i.iGIST :  LFFH 

ANIMAL  FATE:  SCHEF.'ULF D  SACRFFICE 

DAYS  ON  TEST; 15 

REF^EPFINCE  1'.'  HFa.|;uPSY  kFU''jr-D:  Kh'l.ATED  HIS  ToPATHOLOGY : 

MRJM:  TIHHLIS-MO  f  ILL  D  'FI-IYMUS-  HEMORRHAGE 


AMIMAL  HO;  4/;;  PA  THOL  T.-GIST :  I  HR 

ANIMAL  KA  TE  :  o.;  i  4: 1:'  'L  f.D  '-.ACR  IPICE 

DAYS  ON  TEST: 15 

hLFtHEi'IC.E  10  NEl:R"PSY  KPCORD:  RFILAILD  HIH  I ’A  1  HOl.i.'GY  : 

>  1  LING  -  DAF-lK  I  UNGS  -  P]  GML  H  F  A’l  1 '  'N 


( Repor  t  Con t.  i riut'd ) 
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f  fi'V'CCT  ID: 
PAGE  10 

ANIMAL  NO: 
ANIMAL  FAff: 

riEP'KRENCE  rt.li 

>L  L'NG-DARK 


PATHOLOGY  ASSOCIATES,  INC. 

O' 'tlPARATIVE  ACUTE  INHAl.ATI'  tN  SCRF.FN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
24  HOUR  POST-FXPO-SURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


-1102  GROUP:  MlCROoSO  SEX:  MALE  DAYS:  ALL 

f-'ATfcS:  ALL 


474  PATHOLOGIST:  LHB 

SCHl- DL'L  1  D  SACPJF  Ii.'E 

DAYS  ON  TEST: 15 

NECH'.'TSY  RECORD:  RELATED  HISTOPATHOLOGY: 

LL'MGS-  PIGMENTATION 


( Rcpof  T  ( ;on  t  j  nijed) 
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PATHOLOGY  ASSOCIATES,  INC. 
COMPARATIVE  ACUTE  INHALATION  SCREEN 
(jF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
24  M(!UR  POST-EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


f'RO.irCT  ID:  G-ri02  GROUP:  Ti02  SEX:  MALE  DAYS:  ALL 

RAGE  11  FATES:  ALL 


AN  I  MAI.  HO:  4''7  PATHOLOGIST:  LHB 

ANIMAL  FATE:  SC^HEDUl.ED  SACRIFICE 

DAYS  ON  TEST: 15 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

M  IVER.  MEDIAN  LOBE- MOD'OL  E .  IRPEGI.ILAR  LIVER-  HEPATODl  API  RACMATIC  NODLILE 


ANIMAL  NO:  4'^S 

ANIMAL  FATE:  CCHED' U.  ED  SACRIFICE 

RT.FEI'ENCE  7  0  necropsy  RECORD: 

ANIMAT.  NO: 

AM  IMAL.  FATE  ; .  SCHEI'l  IL.ED  SACK]  T  I  CE 

REFf:  RI-.NCIi  TO  MECR'.iPSY  RECORD: 


PATHOLOGIST:  LHB 
DAYS  ON  TEST: 15 
RELATED  HIS TOPATHOLOGY : 


PATHOLOGIST;  LHB 
DAYS  CN  TFST:15 
RELA  TED  HISTOPA  THOl.OUY  : 


ANIMAL  NU:  500  PATHOLOGIST:  LHB 

ANIMAL  f-ATE:  SCHEDLil.F.D  SACRIFICE 

DAYS  ON  TEST; 15 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  MISToRA THuLOGY : 


( Repor  t  Con  t i nu od ) 


I 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACLH  f  IMHALATIuN  SCKf:E:N 
OF  IRON  O/IDE  AND  GRAPH!  TR  DUCTS; 

24  HOUR  POST-EXPOCIIRE  S'-ACRIFICR 


Correlation  of  Gross  &  Micro  Findings 


PR!.).n-cr  ID:  G-TI02  GROUP:  Ti02  MALE  DAYS':  ALL 

page  12  FATES:  ALL 


ANTMAL  NO:  501.  PATHOLOGIST;  LHB 

ANIMAL  FATE:  SCHEDULED  ‘■'ACRIFTCE 

DAYS  ON  TEST: 15 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 


ANIMAL  NO;  502 

AH  I  MAI.  PAIR:  S.LHtDULFD  'SaCRIFTCE 

REI-PCFNCE  fO  NECR'jPST  RECORD: 

ANIMAL  .NO;  505 

ANIMAL  f  A  PF  :  M.  !  il.  r.-Ul.t:  I)  saCK  I FICE 

PEfERENC^E  TO  NEPO!  :';;l 'CY  f^CCORD; 


PATHOLOGISJT:  LHB 
DAYS  ON  TEST: 15 
KELA  1  ED  H  IS'.TOPATHOLOGY  ; 

PATHOLOGIST;  LHB 
DAYS  ON  TEST: 15 
nEILAl  L.D  HIS  T  OPATHOLOGY ; 


ANIMAL  504  PA  THOL  OiLISiT :  LHB 

ANIMAL  LA  PE:  SCHED'.d.ED  SACRIFICE 

DAYS  ''N  TEST:  15 

REFERENCE  10  NECROPSY  RECORD:  RELATED  H  IS  TOP'A  1  HUL  uGY  : 


( Repor  t  Con  t i nuod ) 
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I 


PATHOLOGY  ASSOCIATES,  INC. 

i  i  'tlPARA  f  IVt  AL  (.ITF£  INHAIATI'.'N  ■-;f  Krt.N 
Of  .in-'N  i.'XTDE  AND  ijKAf'Hnr 
:-  l  t  (•.•UR  POS r  •Exl'O-;.!  IK-E  CAl.-R  1 F- 1 1  P 


Correlation  of  Gross  &  Micro  Findings 


rkOJEC'T  ID:  G-ri'/;:-  Ti-.'l:  riALE  I.'AYli:  ALL 

PAGE  i;>  f  A7ES:  AIL 


ANIMAL  NU:  5-L'5  PATHOLOGIST:  I  MB 

ANIMAL  TATE:  LI ‘T.  .MJI,  i-  I)  L.'.'  .PIT  I  '..E 

DAYS  ON  TEST: I  5 

PL'f-EPEHCE  TO  Nr'|-;pi..pi;Y  l:L-l.'.'pn:  RELATED  HIS  TOPA 1  MOLOGY : 


AMTMAL  NO;  D06  PATHOLOGIST:  LHB 

/.NlMAL  FATE:  I  LM  •'l.'D!  1. 1  D  '/AOPIT  iL.E 

DAYS  ON  TEST; J 5 

/vL'(-'TJVt;Ni::|-;  ro  OL’C  K'f.i.i.r-r.*:  RELAIED  MI  S  ToPATH'.'LOGY  : 


(l.'nd  nf 


rO'POf  t ) 
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QUALITY  ASSURANCE  STATEMENT 


This  histopathology  project  has  been  inspected  and  audited  by  the  quality  assurance 
unit  as  required  by  the  Good  Laboratory  Practice  regulations  promulgated  by  the  U.S. 
Food  and  Drug  Administration.  Pathology  Associates,  Incorporated  has  a  functioning 
and  responsive  quality  assurance  unit  which  reports  directly  to  management.  The 
following  is  a  record  of  inspections/audits  and  their  resulting  reports: 


Date  of 


Data  Findings  Reported 
to  Management 


inspection 

Phase  Inspected 

and  Study  Pf 

*02-08-88 

Tissue  Trimming 

02-08-88 

*02-18-88 

Processing/Embedding 

02-18-88 

*02-18-88 

Microtomy 

02-18-88 

*02-19-88 

Staining 

02-19-88 

*02-19-88 

Coverslipping 

02-19-88 

*02-19-88 

Labeling 

02-19-88 

**03-10-88 

Individual  Animal  Data 

03-11-88 

**03-10-88 

Data  Entry 

03-11-88 

**03-10-88 

Computer  Validation 

03-11-88 

**03-11-88 

Draft  Pathology  Report 

03-11-88 

**03-25-88 

Final  Pathology  Report 

03-25-88 

•General  Monthly  Phase  Inspection 
*•  Inspection  specific  for  Study  Number 


1 


In  concordance  with  the  PAI  Quality  Assurance  Division's  Standard  Operating 
Procedures,  phase  inspections  are  routinely  conducted  on  a  random  basis  at  a 
minimum  of  monthly.  Dates  of  inspection  are  reported  for  each  study  according  to  the 
most  recent  phase  inspection  conducted  during  that  period. 


Director.  Ouatitv  Assurance  Unit 


March  25,  1988 


Date 


F’/^D  Pathology  Associates,  Inc 


lOO'S  Tyler  Place 
H>a[t  Park  11 
Iiamsville.  Maryland  J 

(.^01 1  6^1.^  - 1 6-*  ^ 


PATHOLOGY  REPORT 
FOR 

COMPARATIVE  ACUTE  INHALATION  SCREEN  OF 
IRON  OXIDE  AND  GRAPHITE  DUSTS 
FOUR  DAY  EXPOSURE  WITH  14  DAY  RECOVERY 

PROTOCOL  NO.  22087000A217 

CONTRACT  NO.  DAAA1 5-85-D-0002 


The  view,  opinions,  and/or  findings  contained  in  this  report  are  those  of  the  author(s) 
and  should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy,  or 
decision,  unless  so  designated  by  other  documentation. 
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PATHOLOGY  REPORT 

COMPARATIVE  ACUTE  INHALATION  SCREEN  OF 
IRON  OXIDE  AND  GRAPHITE  OUSTS 
FOUR  DAY  EXPOSURE  WITH  14  DAY  RECOVERY 


INTRODUCTION  AND  METHODS 

Male  F344  rats  were  divided  into  four  groups  of  twenty  each,  and  three  of  the 
groups  were  exposed  to  100  mg/m^of  natural  graphite  (Micro  650),  synthetic  graphite 
(Micro  260),  or  titanium  dioxide  (substituted  for  iron  oxide)  on  four  consecutive  days, 
four  hours/day.  A  control  group  of  twenty  rats  was  similarly  exposed  to  air.  Following 
the  repeated  exposure,  ten  rats  per  group  were  allowed  to  recover  for  one  day  after 
which  time  they  were  killed  by  carbon  dioxide  asphyxiation  and  necropsied.  The  body 
and  organ  weights  and  pathology  findings  from  the  24  hour  recovery  groups  were 
reported  in  an  earlier  pathology  report.  The  remaining  rats  were  allowed  to  recover  for 
14  days  after  the  final  exposure  before  they  were  killed  and  necropsied.  At  necropsy, 
the  total  body  weight  and  the  organ  weights  of  adrenals,  brain,  heart,  kidneys,  liver, 
lung,  and  testes  were  recorded.  The  body  and  organ  weights  and  pathology  findings 
for  the  14-day  recovery  groups  are  reported  herein. 

All  organs  and  tissues  required  by  contract  were  processed  through  paraffin, 
sectioned  at  approximately  6  pm,  stained  with  hematoxylin  and  eosin,  and  examined 
microscopically.  In  addition  to  the  required  tissues,  an  attempt  was  made  to  evaluate 
peribronchial  lymph  nodes  as  well.  An  occasional  tissue  was  lost  during  necropsy  or 
processing  and  could  not  be  examined  microscopically. 


RESULTS  AND  DISCUSSION 

Gross  Findings 

The  lungs  of  6/10  rats  exposed  to  natural  graphite,  2/10  rats  exposed  to  synthetic 
graphite,  and  1/10  rat  exposed  to  titanium  dioxide  were  discolored  or  mottled,  or  had 
foci  present.  The  gross  lesions  are  presented  in  Section  II.  The  remaining  gross 
observations  were  miscellaneous,  non-treatment-related  changes.  Body  and  organ 
weights  are  presented  in  Section  III. 

Gross  lesions  noted  at  necropsy  or  during  trimming  have  been  correlated  with 
microscopic  diagnoses,  where  possible,  and  are  listed  by  animal  in  the 
CORRELATION  OF  GROSS  AND  MICROSCOPIC  FINDINGS  TABLE  (Section  VI). 
Correlative  microscopic  findings  could  not  be  determined  for  all  gross  lesions. 
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Microscopic  Findings 

Summary  data  are  presented  in  the  PROJECT  SUMMARY  TABLES  (Section  IV). 
which  lists  by  group  the  number  of  animals  having  a  given  lesion.  Microscopic  findings 
for  individual  animals  are  presented  by  group  in  the  TABULATED  ANIMAL  DATA 
TABLES  (Section  V).  The  codes  used  in  the  entries  in  these  tables  are  explained  in 
the  Reports  Code  Table  (Appendix  1).  while  topographic/morphologic  abbreviations 
are  explained  in  the  Abbreviations  List  (Appendix  2). 

Treatment-related  changes  were  apparent  in  the  lungs  of  all  rats  other  than  the 
controls.  In  each  case,  brown  to  black,  isotropic  pigment  was  present  within 
macrophages  in  terminal  airways  and  alveoli.  No  apparent  free  pigment  (extracellular) 
as  was  seen  in  the  24-Hr.  post-treatment  groups  was  present  in  the  lungs  of  these  rats. 
Microscopically,  the  three  types  of  pigment  were  indistinguishable  from  each  other. 
However,  in  6/10  rats  exposed  to  synthetic  graphite  (Micro  260)  and  8/10  rats  exposed 
to  natural  graphite  (Micro  650)  pigment-laden  macrophages  tended  to  be  aggregated 
in  small  groups  (to  a  barely  perceptible  degree),  more  than  in  the  rats  exposed  to 
titanium  dioxide,  and  more  than  in  any  of  the  rats  in  the  24-Hr.  post-exposure  sacrifice 
groups.  The  only  other  changes  in  the  lungs  possibly  associated  with  the  treatment 
were  one  or  two  tiny  (minimal)  foci  of  epithelial  hyperplasia  in  the  alveoli  and/or  the 
terminal  bronchioles  of  three  rats  exposed  to  synthetic  graphite  and  one  rat  exposed 
to  titanium  dioxide.  In  no  case  were  pigmented  macrophages  closely  associated  with 
the  hyperplasia. 

Focal  hemorrhage  of  the  lung  was  present  in  at  least  two  rats  from  each  group,  to 
include  the  controls,  and  is  believed  to  be  associated  with  the  carbon  dioxide 
asphyxiation.  Pigment  was  present  in  the  peribronchial  lymph  nodes  of  0/5,  1/8,  and 
1/6  rats  in  the  Micro  260,  Micro  650,  and  titanium  dioxide  exposed  groups, 
respectively.  In  each  case,  the  pigment  present  was  very  minimal  (one  or  two 
macrophages). 

The  severity  of  the  lung  pigmentation  was  nearly  identical  within  and  between 
groups,  it  was  graded  as  mild  in  all  of  the  exposed  rats.  The  reason  why  the 
pigmentation  could  not  be  seen  grossly  in  all  exposed  rats  is  not  known. 

Several  lesions  commonly  found  in  rats  such  as  cardiomyopathy  and 
nephropathy  were  present  in  rats  in  more  than  one  dose  group.  In  addition,  thymic 
hemorrhage  which  is  probably  associated  with  euthanasia  was  present  in  several 
animals.  These  findings  and  all  other  lesions  not  mentioned  are  incidental  findings 
and  should  not  be  associated  with  the  test  substances  in  any  way. 
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conclusioTjs 

Exposure  of  rnale  F344  rats  to  natural  graphite,  synthetic  graphite,  or  titaniunn 
dioxide  by  chamber  inhalation  for  four  days,  four  hours/day.  followed  by  a  14-day 
recovery  period  resulted  in  lung  changes  in  all  exposed  rats  consisting  of  pigmentation 
(particulate  deposition)  within  macrophages  in  alveoli  and  terminal  airways.  The 
pigment-laden  macrophages  were  slightly  more  clumped  together  in  six  and  eight  rats 
in  the  synthetic  and  natural  graphite-exposed  groups,  respectively,  than  in  the  titanium 
dioxide-exposed  rats.  Minimal  epithelial  hyperplasia  of  the  terminal  bronchioles 
and/or  alveoli  was  present  in  three  rats  exposed  to  synthetic  graphite  and  one  rat 
exposed  to  titanium  dioxide.  No  other  significant  differences  were  noted  between 
1 4-day  recovery  groups  or  between  the  24-Hr.  and  1 4'day  groups. 


Lucas  H.  Brennecke,  D.V.M. 
Diplomats,  ACVP 
March  24, 1988 
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APPENDIX  I: 
REPORTS  CODE  TABLE 
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TABLE  U-1 


GROSS  NECROPSY  FINDINGS 


Dose  Group 

Animal  No. 

i-gslon 

Control 

403 

Mandibular  lymph  node  >  Red 

405 

Liver  •  Nodule 

Synthetic  graphite 

434 

Lungs  -  Dark 

436 

Lungs  •  Dark 

437 

Liver  •  Nodule 

436 

Lungs  -  Dark 

441 

Lung  -  Dark 

Natural  graphite 

465 

Lungs  •  Black 

Kidneys  -  Mottled 

466 

Lungs  •  Dark 

467 

Lung  •  Dark 

468 

Pancreas  •  Nodule 

469 

Lungs  •  Dark 

470 

Lungs  •  Black 

471 

Lung  •  Dark 

(Trim) 

472 

Thymus  -  Mottled 

473 

Lung  •  Dark 

474 

Lung  •  Dark 

Titanium  dioxide 

497 

Liver  -  Nodule 
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Table  III-1 

Organ  and  Body  Weights  (grams) 


Animal  No. 

Group 

BodvWt 

Adrenals 

Brain 

Heart 

Kidneys 

Liver 

_  Lunos 

Testes 

415 

Control 

313.3 

.057 

1.77 

.85 

2.27 

11.22 

1.13 

2.82 

418 

Control 

307.5 

.035 

1.88 

.90 

2.22 

10.92 

1.26 

3.02 

419 

Control 

302.9 

.035 

1.84 

.86 

2.32 

11.50 

1.21 

2.97 

420 

Control 

289.1 

.037 

1.84 

.78 

2.12 

9.88 

1.24 

2.91 

421 

Control 

293.4 

.037 

1.84 

.71 

2.04 

9.16 

1.12 

2.82 

422 

Control 

276.5 

.035 

1.81 

.79 

1.95 

9.95 

1.09 

2.99 

423 

Control 

306.2 

.045 

1.94 

.98 

2.48 

12.61 

1.38 

3.11 

424 

Control 

311.0 

.038 

1.87 

.79 

2.24 

11.77 

1.28 

2.90 

425 

Control 

314.8 

.048 

1.81 

.82 

2.30 

11.32 

1.15 

3.01 

426 

Control 

303.7 

.042 

1.81 

.86 

2.27 

12.81 

.95 

2.89 

Mean: 

301.8 

.041 

1.84 

.83 

2.22 

11.11 

1.18 

2.94 

449 

260 

280.4 

.043 

1.86 

.91 

2.28 

10.82 

1.14 

2.89 

450 

260 

297.5 

.035 

1.86 

.84 

2.22 

10.32 

1.07 

2.72 

451 

260 

306.8 

.043 

1.84 

.83 

2.17 

10.73 

1.27 

2.91 

452 

260 

306.4 

.038 

1.93 

.80 

2.25 

11.01 

1.37 

2.50 

453 

260 

306.5 

.048 

1.90 

.79 

2.21 

10.42 

1.23 

2.91 

454 

260 

306.0 

.044 

1.82 

.88 

2.22 

12.26 

1.11 

2.89 

455 

260 

313.9 

.042 

1.88 

.85 

2.23 

12.08 

1.31 

2.92 

456 

260 

317.7 

.036 

1.87 

.87 

2.27 

11.61 

1.26 

3.00 

457 

260 

277.8 

.038 

1.81 

.75 

2.11 

9.81 

1.09 

2.73 

458 

260 

324.8 

.047 

1.92 

.89 

2.48 

12.93 

1.36 

2.97 

Mean; 

303.78 

.041 

1.87 

.84 

2.24 

11.20 

1.22 

2.84 

481 

650 

281.3 

.035 

1.81 

.82 

2.13 

9.95 

1.17 

2.58 

482 

650 

307.3 

.041 

1.89 

.87 

2.28 

10.61 

1.42 

3.02 

483 

650 

308.1 

.029 

1.88 

.81 

2.21 

10.08 

1.17 

2.98 

484 

650 

301.8 

.041 

1.86 

.80 

2.26 

10.33 

1.24 

3.06 

485 

650 

288.9 

;041 

1.84 

.86 

2.02 

10.72 

1.28 

2.90 

486 

650 

314.4 

.040 

1.88 

.92 

2.38 

11.45 

1.23 

3.11 

487 

650 

297.8 

.034 

1.87 

.78 

2.07 

10.18 

1.26 

2.75 

488 

650 

293.3 

.037 

1.89 

.73 

2.13 

9.49 

1.27 

3.02 

489 

650 

309.6 

.044 

1.89 

.76 

2.07 

11.11 

1.03 

2.85 

490 

650 

315.8 

.032 

1.88 

.88 

2.47 

12.04 

1.49 

2.95 

Mean; 

301.8 

.037 

1.87 

.82 

2.20 

10.60 

1.26 

2.92 
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Table  111*1  (Continued) 


Animal  No. 

Gpdud 

BodvWt 

Adrenals 

Brain 

_  Heart 

K'ldnevs 

Liver 

_  Lunos 

513 

Ti.  Oiox. 

318.8 

.040 

1.87 

.86 

2.19 

10.63 

1.08 

514 

Ti.  Diox. 

310.1 

.035 

1.85 

.84 

2.15 

10.68 

1.31 

515 

Ti.  Diox. 

317.3 

.043 

1.92 

.77 

2.12 

10.42 

1.40 

516 

Ti.  Dkjx. 

307.6 

.038 

1.86 

.91 

2.35 

10.89 

1.41 

517 

Ti.  Diox. 

300.0 

.033 

1.86 

.77 

1.97 

10.49 

1.25 

518 

Ti.  Diox. 

321.1 

.038 

1.99 

.83 

2.10 

12.03 

1.25 

519 

Ti.  Diox. 

314.3 

.039 

1.85 

.94 

2.50 

11.68 

1.20 

520 

Ti.  Diox. 

302.6 

.049 

1.81 

1.00 

2.21 

10.99 

1.16 

521 

Ti.  Diox. 

310.6 

.045 

1.88 

.86 

2.39 

11.13 

1.23 

522 

Ti.  Diox. 

298.7 

.042 

1.91 

.81 

2.22 

10.47 

1.31 

Mean; 

310.1 

.040 

1.88 

.66 

2.22 

10.94 

1.26 

Tfistfis 

3.16 

2.99 

3.04 

3.13 

2.96 

3.02 

3.19 

2.92 

2.92 

2.85 

3.02 


Appendix  F 


173 


IV.  SUMMARY  TABLE  OF  MICROSCOPIC  FINDINGS  BY  GROUP 
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PATHOLOGY  ASSOCIATES,  INC. 
COMPARAriVE  AOUFE  INHALAriON  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE 
24  HOUR  POST-EXPOSURE  SACFUFICE 


Reports  Code  Table 


N  Tissues  within  normal  histological  limits 

A  Autolysis  pfecluding  adequate  evaluation 

P  Pcdred  organ  missing 

U  Tissues  unavailable/unsuitaMe  for  evaluation 

S_  Tissuc-s  not  applicable  to  animal 

^  Tissues  not  exainined/not  required  by  protocol 


1  niifiinial 

2  mil,  d 

3  moderate 

4  marked 

)  focaJ 

]  diffuse 

)  multifocal 

P  Present 

B  Neoplasm,  Benign 

M  Neoplasm,  Mv=ilignarit  without  Metastasis 

C  Neoplasm,  Malignant  with  Metastasis 

X  Metastatic  Site  (+) 

~  No  data  entered 
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APPENDIX  II: 
ABBREVIATIONS  LIST 
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i 


Appendix 


ABBREVIATIONS  LIST 


Epithelium 

Epith. 

Hyperplasia 

Hyperpl. 

Perivascular 

PV 

Terminal 

Term. 

i 


i 


I 


i 


I 


F 


177 


II.  GROSS  NECROPSY  FINDINGS 
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PATHOLOGY  ASSOCIATES,  INC. 

I.-.' 'K!'Af<.M  I  VE  ACUTE  IMHAl,,*-  [  I'.'N  T.lT-t.rM 
f'P  If-i'jN  ('vn)E  AMD  GRAPHITE  DUCTC 
lA  DAY  P<.«ST  EXPOSt.lRE  tiACRIFP.  E 


P/'oject  Summary  Table 
Incidence  of  NEu?LA5TiC  and  WiN-HEurLASIlC  Microscopic  findings 


PROJECT  ID.  NO:  G-UPE 

PAGE  1 

SP.'AIP: 

NvMDER  Of  ANIMALS: 

FATES: 

CATS: 

CONTROL 

ID 

ALL 

ALL 

HICRDDGO 

10 

SEX:  MALE 

MICROnSO 

10 

Tj02 

10 

1 

t 

1 

1 

SPAIN 

»  E« 

!0 

10 

iO 

10 

SCIATIC  N-:P;£ 

}  El 

10 

10 

9 

10 

SPINAL  CORD 

i  El 

10 

10 

10 

10 

IrMSAL'S  GLAND 

1  El 

10 

8 

10 

9 

SALlVARr  GLAND 

1  El 

10 

10 

10 

10 

ranc.reas 

1  El 

10 

10 

iO 

10 

mandisl'lar  LrMPH  node 

1  El 

10 

10 

10  . 

10 

iHrMUS 

1  El 

10 

10 

10 

10 

HEMORRHAGE 

4 

4 

2 

2 

TRACHEA 

1  El 

10 

10 

10 

;o 

LARTM 

t  El 

10 

10 

10 

10 

THfRO'IDS 

1  El 

10 

10 

10 

10 

PAPAlHiROIDS 

f  Ei 

10 

10 

9 

9 

pituitarc 

1  El 

y 

10 

10 

10 

'a::  :;iia.:s--:-”-la:;a 

1 

0 

0 

0 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHAL.ATJON  fiLF.LEN 
OE  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  POST  EXPOSURE  SACRIFICE 


Project  Summary  Table 
SUKMRT:  Incidence  of  NEOPLASTIC  and  NON->ffOPLASIIC  Nicroscopic  Findings 


PROJECT  ID.  NO:  G-14PE 

PAGE  1 

GROUP: 

NUMBER  OF  ANIMALS; 

FATES: 

DAYS; 

CONTROL 

10 

ALL 

ALL 

M1CR02G0 

10 

SEX:  HALE 

HICROBSO 

10 

Ti02 

10 

1 

t 

t 

1 

BRAIN 

1  Ei 

10 

10 

10 

10 

SCIATIC  NERVE 

t  Ei 

10 

10 

9 

10 

SPINAL  CORD 

f  Ei 

10 

10 

10 

10 

lYMBAL’S  GLAND 

I  El 

10 

8 

10 

9 

SALIVARY  GLAND 

1  Ex 

10 

10 

10 

10 

PANCREAS 

1  El 

10 

10 

10 

10 

MANDIBULAR  LYMPH  NODE 

i  El 

10 

10 

10  . 

10 

THYMUS 

i  El 

10 

10 

10 

10 

HEMORRHAGE 

4 

4 

2 

2 

TRACHEA 

I  Ei 

10 

10 

10 

10 

LARYNX 

t  El 

10 

10 

10 

10 

THYROIDS 

1  Ei 

10 

10 

10 

10 

PARATHYROIDS 

t  El 

10 

10 

9 

9 

PITUITARY 

1  Ei 

9 

10 

10 

10 

PARS  DISTALIS-HYPERPLASIA 

1 

0 

0 

0 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCRETN 
OF  :iF<(iN  OXIDE  AND  GRAPHITE  DUSTS 
IT  DAY  POST  EXPOSURE  SACR  IF- I  Cl' 


Project  Summary  Table 
SUMMARY;  Incidence  of  NEOPLASTIC  and  MON-NEOPLASTIC  Microscopic  Findings 


PROJECT  ID.  NO;  S-IAPE 
PAGE  2 


FATES;  ALL 

DAYS;  ALL  SEX;  MALE 


GROUP; 

NUMBER  OF  ANIMALS; 


CONTROL  NICR0260  MICROiSO 
10  10  ID 


Ti02 

10 


1 

1 

UNGS  I  El 

10 

10 

HEMORRHAGE 

2 

4 

PIGMENTATION 

0 

10 

INTERSTITIUM-INFLAMMATION 

0 

0 

PV-INFILTRATE,  LYMPHOCYTIC 

0 

1 

ALVEOLAR  EPITH-HiPERPLASIA 

0 

2 

TERM  BRONCHIOLE  EPITH-HYPERPL 

0 

1 

I 

10 

3 

10 

1 

0 

0 

0 


I 

10 

3 

10 

0 

0 

0 

1 


BRONCHIAL  LYMPH  NODE 
HEMORRHAGE 
CONGESTION 
PIGMENTATION 


I  El  6 
0 
0 
0 


5  8  6 
1  0  0 
0  1  0 
0  1  1 


EYE  .  I  El  !0 

SCLERA-MINERALIJATION  2 

CORNEA-CEGENERATI'.-N  0 


10  10  10 
1  1  0 
0  1  0 


FORESTOMACH 


I  El  10 


10  10  .  10 


GLANDULAR  STOMACH 


I  El  10 


10  10  10 


ESOPHAGUS 


I  El  10 


10  10  10 


DUODENUM 


I  El  10 


10  10  10 


COLON 


I  El  10 


10  10  10 


MESENTERIC  LYMPH  NODE  I  Ei  10 

C'jNGESTION  1 


10  10  10 
0  0  0 


LIVER  I  El  10 

VACUULI’ATION,  CYTOPLASMIC  0 
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10 

i 


10 

1 


10 

0 


PATHOLOGY  ASSOCIATES,  INC. 

(.'i.-MPARATIVE  acute  JNHALATI'.'N  SnRE:CN 
nF‘  n;"N  OXIDE  AND  GRAPH]  7E  DUSTS 
J4  DAY  /-i.'S)  EXPOSURE  SAl.T-HFIOF; 


Project  Summary  Table 

SLimur:  Incidence  of  NEOFUSIIC  and  m-N£OFUSJlC  Hicrsscopic  findinjs 


PKylECT  ID.  MO:  G-14PE 

PAGE  3 

BPMP: 

ML'i^BER  OF  4NI‘I4LS; 

FATES: 

DAYS; 

CONTROL 

10 

ALL 

ALL 

HICR0260 

10 

SEX:  MALE 

MlCfiOOSO 

10 

Ti02 

10 

1 

1 

1 

1 

LIVER 

1  Ei 

10 

10 

10 

10 

HEMORRHAGE 

0 

0 

0 

1 

SPLEEN 

t  Ei 

10 

10 

10 

10 

HEART 

1  Ex 

10 

10 

10 

10 

CAROIOHyOPATHY 

6 

3 

1 

2 

LIDMEyS 

t  Ex 

10 

10 

10 

10 

NEPHROPATHY 

1 

1 

1 

2 

HEHOPPHAGE 

1 

0 

0 

0 

SKELETAL  M'JSCLE 

1  Ex 

10 

10 

10 

10 

A2FENAL  CORTEX 

1  El 

10 

10 

10 

10 

HEM'jPRHASE 

0 

1 

0  . 

0 

ADRENAL  MEDULLA 

t  Ex 

9 

10 

10 

10 

TESTES 

1  Ex 

10 

10 

10 

10 

ATR'.'FHY 

0 

1 

0 

0 

SEMINAL  VESICLES 

f  Ex 

10 

10 

10 

10 

SLIM 

i  Ex 

10 

10 

10 

10 

URINARY  ELADOEfi 

f  Ex 

10 

10 

10 

10 

PROSTATE 

1  Ex 

10 

10 

ID 

10 
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PATHOLOGY  ASSOCIATES,  INC. 

(;'''MPARAT  JVE  ACUTE  INHALATION  SC  RLEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  R'jST  fcXF’OSUHE  SACfilf- J  CL 


Project  Summary 

Table 

SUKKARY:  Incidence  of  NEOPLASTIC  and  NON-HEOPLASTIC  Microscopic  findings 

PROJECT 

ID.  NO:  G-14PE  FATES:  ALL 

PAGE  4 

DAYS;  ALL 

SEX;  MALE 

GROUP: 

CONTROL  HICR0260 

MICR06S0 

Ti02 

N'JHBER  OF  ANIMALS:  10  10 

10 

10 

I 

1 

1 

1 

BONE  (STERNUM) 

1  Ei  10 

10 

10 

10 

GONE  MARROW 

1  El  10 

10 

10 

10 

N'jSE 

t  El  10 

10 

10 

10 

HEMORRHAGE 

1 

0 

0 

2 

(Report  Continued) 
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PATHOLOGY  ASSOCIATES,  INC. 

Comparative  acute  inhalation  screen 

OF  IRON  OXIDE  AND  GRAPHITE  DL'STS 
14  DAY  POSI  EXPOSURE  SACRlf-lCF 


Project  Summary  Table 
SUMttillf:  Incidence  of  NEOPLASTIC  and  NON-NEOPLASTIC  Nicroscopic  Findings 


PROJECT  ID.  NO:  fi-14PE  FATES:  ALL 

PAGE  S  DATS:  ALL  SEX:  HALE 

GROUP:  CONTROL  KICR0260  NICROGSO  Ti02 

NUN6ER  OF  ANIMALS:  10  10  10  10 


V.  TABULATED  INDIVIDUAL  ANIMALTABLE 
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PATHOLOGY  ASSOCIATES,  INC. 

C'.'MPARATIVE  ACUfE  INHAI.ATION  SCL’LLN 
OF  IRON  OXI.JE  AMD  GRAPHITE  DDSTS 
14  OAT'  POST  EXPOSURE  SACRJhJuE 


Tabulated  Animal  Data 


PROJECT  ID;  G-14PE  GROUP:  CONTROL  SEX:  N  DAYS;  ALL 

PAGE  1  FATES:  ALL 


ANIMAL  ID.  NO; 

BRAIN 

SCIATIC  NERVE 

SPINAL  CCRD 

lYMBAL’S  GLAND 

SALIVARY  GLAND 

PANCREAS 

MANDIBULAR  LYMPH  NODE 

THYMUS 

HEMORRHAGE 

TRACHEA 

LARYNX 

THYROIDS 


415  418  419  420  421 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  H  N 

N  N  N 

1  -  1 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


422 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


423  424 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N 

1 

N  N 

N  N 

N  N 


425  426 

N  N 

N  N 

N  N 

N  N 

H  H 

N  N 

N  N 

N 

2 

N  N 

N  N 

N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUIE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  HRAPHITE  DUSTS 
14  DAY  POST  EaPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID:  G-I4PE  GROUP:  CONTROL  SEX:  K  DATS:  ALL 

PAGE  2  FATES:  ALL 


AHIKAL  ID.  NO: 
PARATHYROIDS 

PITUITARY 

PARS  DISTALIS-HYPERPLASIA 

LUNGS 

fi.'Hi'F.RHASE 

BRONCHIAL  LYHPH  NODE 

EYE 

SCLERA-NINERALI2ATI0N 

FORESTOHACH  ’ 

GLANDULAR  STOMACH 

ESOPHAGUS 

DiJODENUH 

COLON 


415  418  419  420  421  422  423  424  425  426 

NMNHNNNNNN 

H  N  K  H  N  U  N  N  N 

(1) . 

•N  H  H  K  N  N  N  N 

(1)  -  -  -  (1) 

UNHNHNUNUU 

N  N  H  N  N  N  N  N 

-  (1)  --(1)--- 

N  N  H  N  N  N  N  N  H  N 

N  N  H  N  N  N  N  N  H  N 

N  N  N  N  N  N  N  N  K  H 

NNHN  NNHHHH 

N  N  N  N  N  H  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 
COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DU5;TS 
14  DAY  POST  EXPOSURE  &ACRTFI(;:E 


Tabulated  Animal  Data 


PROJECT  ID:  G-14PE  GROUP;  CONTROL  Sfl;  H 
PAGE  3  FATES;  ALL 


DATS:  ALL 


ANIHAL  ID.  NO; 


MESENTERIC  LTMPH  NODE 
CONGESTION 


LIVER 


SPLEEN 


HEART 

CARDIOHTClPATHY 


IlDNEYS 

NEPHROPATHY 

HEKuRRHAGE 


SIELETAL  MUSCLE 

ADRENAL  CvRTEX 


ADRENAL  MEDULLA 

TESTES 

SEMINAL  VESICLES 


415  4iR  419  420  421  422  423  424  425  426 


NNNNNNNNNN 


N  N  N  N 

12-1221* 


(2) 


N  N  N  N  N 


N  N 


N  N  N  N  N  N  N  N-  N  N 


NNNNNNNNNN 


NNUNNNNNNN 


NNN-NNNNNNN 


NNNNNNNNNN 


-  4 

■1 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
l-'4  DAY  POST  EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID;  S-14PE  6ROOP:  CCNTIiOI  SEX;  H  DAYS;  All 

FACE  4  FATES:  ALL 


ANIMAL  ID.  NO: 
SKIN 

URINARY  BLADDER 

prostate 

ECNE  (STERNUM) 

BONE  NAPPON 

NOSE 

HEMQRPHASE 


41S  418 

N  N 

N  N 

N  H 

N  N 

N  N 

N  N 


419  420 

N  N 

N  N 

N  H 

N  N 

N  N 

N  N 


421  422 

N  N 

N  N 

N  H 

N  N 

N  N 

N  N 


423  424 

M  M 

N  41 

N  N 

N  N 

n  N 


425  426 

M  N 

N  N 

41  N 

N  « 

N  N 

N 

2 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  CCRLTN 
OF  IRON  OXIDE  AND  GRAPHT TE  DUSTS 
14  DAY  POST  EXPC'SURE  SACRIFICE 


Tabulated  Animal  Data 


PP93ECT  B;  fi-J4PE  GROUP:  COKTSOL  SEX:  fl  DAYS;  ALL 

PAGE  5  FATES;  AIL 


ANIIML  ID.  NO:  415  418  419  420  421  422  423  424  425  426 

0T««  TISSUES  AND  lESK'NS; 
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PATHOLOGY  ASSOCIATES,  INC. 

CUMPARATJVE  ACUTE  INHALATION  SCPtEN 
','f-  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  1 OST  EXPOSURE  SACRJPlCt 


Tabulated  Animal  Data 


PROJECT  ID:  G-IAPE  GROUP;  HICR0260  SEX;  N  DAYS;  ALL 

PAGE  6  FATES;  ALL 


ANIMAL  ID.  NO; 

BRAIN 

SCIATIC  NERVE 

SPINAL  CORD 

DMfAL’S  GLAND 

SALIVARY  GLAND 

PANCREAS 

MANDIBULAR  LYMPH  NODE 

THYMUS 

HEMORRHAGE 


449  450  4S1  452 

N  M  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  H 


453  454  455  456 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  U  U  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N 


TRACHEA 

LARYNX 

THYROIDS 


N  N 

H  N 

N  N 


N  N 

N  N 

N  N 


K  N 

N  N 

N  N 


N  N 

N  N 

N  N 


457  459 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N 

2 

N  N 

N  N 

N  N 
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DUODENUN  NNHNNNNNNN 
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PATHOLOGY  ASSOCIATES,  INC. 

Ci.'MPARAIiVE  ACUIE  IHHALAriON  hiCRKt'N 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
J4  DAY  POST  EaT’L'SURE  SaCRJPTiTE 


Tabulated  Animal  Data 


PROJECT  ID:  G-14PE  GROUP:  HICR0260  SEX;  M  DAYS:  ALL 

PAGE  8  FATES:  ALL 


ASIHAL  ID.  NO.- 

COLON 

MESENTERIC  LYftPH  MODE 

LIVER 

VACUOLIZATICH,  CYTOPLASMIC 

SPLEEN 

HEART 

CARDIOHYOPATHY 

tlDNEYS 
NEPHROPATHY  • 

SKELETAL  MUSCLE 

ADRENAL  CORTEX 
HEMORRHAGE 

ADRENAL  MEDULLA 

TESTES 

ATROPHY 


449  450 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 

N  N 


451  452 

N  N 

N  N 

N  N 

N  N 

N  N 

N 

1 

N  N 

N  N 

N  N 

N 

2 


453  454 

N  N 

N  N 

N  N 

N  N 

1  1 

N  N 

N  N 

N  N 

N  N 

N  N 


455  456  457  458 

N  N  N  N 

N  N  N  N 

H  H  N 

(2) 

N  N  N  N 

N  N  N 

1 

N  N  N  N 

N  N  N  N 

N  N  N 

-  (2) 

N  H  N  N 

N  N  N  N 
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PATHOLOGY  ASSOCIATES.  INC. 

CUIU’ARATIVE.  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
J4  DAT  POSf  EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


I 


PROJECT  ID:  S-14PE  GROUP;  NICR0260  SEX;  «  DATS:  ALL 

PAGE  9  FATES:  ALL 


I 

4 

I 


ANIKAL  10.  NO: 
SEMINAL  VESICLES 

SKIN 

UftlHAfJ  gladder 

prostate 

GONE  (STERNUM) 

GONE  NARROW 

NOSE 


449  4S0  451  452  453  454 

N  N  N  N  N  N 

N  N  H  N  N  N 

N  N  N  N  N  N 

N  N  N  N  N  N 

N  N  N  N  N  N 

N  N  N  K  N  N 

N  N  N  N  N  N 


455  456  457  458 

N  N  N  N 

N  N  N  N 

N  H  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 


B 


P 


P 

I 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  Post  exposure  sacrifice 


Tabulated  Animal  Data 


PROJECT  ID;  G'liPE  GROUP;  HICR0260  SEX;  M  DAYS;  ALL 

PAGE  iO  EAIES;  ALL 


ANIMAL  ID.  .NO;  449  450  45i  452  453  454  455 

OTHER  TISSUES  AND  LESIONS; 

PANCREAS-ACCESSORY  SPLEEN  .  ...  p  .  . 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAT  POST  EXPOSURE  3ACRIF1C:E 


Tabulated  Animal  Data 


PROJECT  ID;  G-14PE  GROUP:  UICROGSO  SEX;  «  DATS:  ALL 

PAGE  11  FATES:  ALL 


ANIHAL  ID.  NO: 

BRAIN 

SCIATIC  NERVE 

SPINAL  C'.'RD 

IrMBAL’S  GLAND 

SALIVARY  GLAND 

PANCREAS 

NANOIBULAR  LYHPH  NODE 

IHYNUS 

HEMORRHAGE 

TRACHEA 

LARYNX 

THYROIDS 


4B1  482  483  484  48S  486  487  488  489  490 

NNNNNNNNNN 

N  U  N  H  N  N  N  N  N  N 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 

NNN  N  NNNN 

2  -  1  -  -  -  - 

NNNNNNNNNN 

NNNNNNNNNN 

NNNNNNNNNN 
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PATHOLOGY  ASSOCIATES,  INC. 
COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS: 

J4  DAY  POST  EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


P«0JECr  ID:  G-14PE  GROUP:  HICR0650  SEX:  H  DAYS:  ALL 

PAGE  12  FATES:  ALL 


ANIHAL  ID.  NO: 
PARATHYROIDS 


PITUITARY 


LUNGS 

HEHORRHAGE 

FIGNENrAriON 

INTERSTITIUN-IHrLANNATION 


ERONCHIAL  LYHPH  NCLE 
CONGESTION 
PIGMENTATION 


EYE 

SCLERA-MINERALIIATION 

cornea-degeneration 


FORES TOHACH 


GLANDULAR  STOMACH 


ESOPHAGUS 


DUODENUM 


481  482  4S3  484  48S 

N  N  N  U  N 

N  N  N  N  N 

-  (1)  - 
2  2  2  2  2 

N  N  N  N  H 

N  N  N  N 

(1) 

N  N  N  N  N 

N  N  N  N  N 

N  K  N  N  N 

N  N  N  N  N 


486  487  488  489  490 

N  N  N  N  N 

N  N  N  N  N 

(2)  (1) 

2  2  2  2  2 

(]> 

U  U  N 

3  .  .  . 

1 

N  N  N  N 

-  (1)  - 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACM IE  INHALATION  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  POST  LXPOSMRE  SAC R I  f-' ICE 


Tabulated  Animal  Data 


PROJECT  ID:  G-14PE  GROUP:  H1CR06S0  SEX:  tt  DATS:  ALL 

PAGE  13  FATES:  ALL 


ANIHAL  id.  UO: 

COLON 

MESENTERIC  UHPH  NODE 

LIVER 

VACUOLIZATION,  CTTOPLASNIC 

SPLEEN 

HEART 

CARDIOHTOPATHT 

XIONETS 
NEPHROPATHY  ■ 

SXELETAL  MUSCLE 

ADRENAL  C’RTEX 

ADRENAL  MEDULLA 

TESTES 

SENINAL  VESICLES 


481  482  483  484  4BS 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  H 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


486  487  488  489  490 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N 

(1) 

N  N  N  N  N 

N  N  N  N 

2  -  -  -  * 

N  N  N  N 

1 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALAUON  SCREEN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  POSl  EXPOSURE  SACKlEIuE 


Tabulated  Anifflal  Data 


PROJECT  ID;  G-14PE  GROUP:  HICR0650  SEX:  H  DAIS;  ALL 

PAGE  14  FATES:  ALL 


ANIKAL  ID.  HO: 
SUN 

URINART  BLADDER 

prostate 

60-iE  (STERHJM) 

BONE  HARRON 

HOSE 


401  402  483  484  4BS  486  487  488  469  490 

HNNHNNNNNN 

NKNNNNNNNN 

HNNNHHNNNN 

NHNNNNNNNN 
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PATHOLOGY  ASSOCIATES,  INC. 
Comparative  acute  inhalation  screezN 

OF  IRON  OXIDE  AND  GRAF’HTTF  DUSTS 
M  DAT-  POST  LAPUSURE  SAi;RlFlCL 


Tabulated  Animal  Data 


PROJECT  ID:  G-14PE  GROUP:  MICR0650  SEX;  H  DAYS:  ALL 

PAGE  15  PATES;  ALL 


ANIMAL  ID.  NO;  48J  462  483  484  485  486  487 

OTHER  TISSUES  AND  LESIONS; 

NESENTERY.  FAT-NECROSIS  . 
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pathology'  associates,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCRLLN 
OF  IRON  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  POST  EXPOSURE  SACRIFICE 


Tabulated  Animal  Data 


PROJECT  ID:  6 
PAGE  16 

ANIKAL  ID.  h'O: 

BRAIN 

SCIATIC  NERVE 

SPINAL  CORD 

DKSAL’S  GLAND 

SAllVARr  GLAND 

PANCREAS 

NAH5IBULAR  LrjiPH  NyDE 

THYKUS 

HEffORP.HAGE 

TPACHEA 

LARYNX 

THYROIDS 


UPE  GROUP:  Ti02  SEX:  H 
FATES:  ALL 

513  514  515  516  517 

N  N  N  N  N 

H  H  N  N  H 

N  N  N  N  N 

N  N  H  N  U 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  K  N  N  N 


DAYS:  ALL 

518  519  520  521  522 

N  H  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  H  N  N 

N  N  N 

1-2- 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUfE  INHALATION  SCREEN 
OF  TRON  OXinE  AND  GRAPfUTE  DltSTS 
lA  DAY  POST  LaPOSHRE  SACRITrL'E 


Tabulated  Animal  Data 


PROJECT  ID:  G-14FE  GROUP;  Ii02  SEX;  H  DAYS;  ALL 

PAGE  J7  FATES;  ALL 


ANIflAL  ID.  NO; 
PARATHYROIDS 

PITUITARY 

LUNGS 

HEHORRHAGE 

PIGMENTATION 

TERM  ERONCHIOLE  £PITH-H:F£E?L 

BRONCHIAL  LYMPH  NODE 
PIGMENTATIOH 

Eye 

FORESTCMACH 

GLANDULAR  STOMACH 

ESuPHAGUS 

DUODENUM 

COLON 


513  514  515  SIG  517 

U  N  N  N  N 

N  N  N  N  N 

2  2  2  2  2 

-  (1) 

N  N  N  N 

1 

N  H  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  H 

N  N  N  N  N 

N  N  N  N  N 


518  519  520  521  522 

N  N  N  N  N 

N  N  N  N  N 

:i>  -  0)  -  (2) 

2  2  2  2  2 

U  U  U  H  U 

N  N  H  N  N 

N  H  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  K  N  N 

N  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 
COMPARATIVE  ACUTE  INHALATION  SCREEN 
OF  TFION  OXIDE  AND  GRAPHITE  DUSTS 
14  DAY  POST  EXPOSURE  SACRU-IC:E 


Tabu  1  a  ted  Animal  Data 


PROJICT  IP:  G-NPI  SROUP:  Ti02  S«:  H  DAYS:  ALL 

PAGE  18  FATES:  ALL 


ANIMAL  ID.  NO: 
MESENTERIC  LIMPH  NODE 

LIVER 

HEMORRHAGE 

SPLEEN 

HEART 

CARDIOMYOPATHT 

riPNEYS 

NEPHRmAaTHT 

SKELETAL  M05CLE 

ADRENAL  CORTEX 

ADRENAL  MEDLiLLA 

TESTES 

SEMINAL  VESICLES 

SKIN 


513  514  SIS  516  S17 

N  N  N  N  N 

N  N  H  N  N 

N  N  N  N  N 

N  N  N  N 
1  -  -  -  - 

N  N  N  H 

1 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

H  N  N  N  N 


518  519  520  521  522 

N  N  N  N  N 

N  N  M  K 

-  (2) 

N  N  N  N  N 

H  H  '  N  N 

1  -  -  - 

N  N  N  N 

1  -  -  - 

N  N  N  N  N 

H  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 
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PATHOLOGY  ASSOCIATES,  INC. 

COMPARATIVE  ACUTE  INHALATION  SCRL EN 
cF  IRON  OXILE  AND  GRAPHITE  DUSTS 
14  DAY  PmST  exposure  SACIUFICE 


Tabulated  Animal  Data 


PROJECT  ID;  G-14PE  GROUP:  Ti02  SO:  H  DATS:  ALL 

PAGE  19  FATES;  ALL 


AKItiAL  ID.  MO: 


513  514 


515  51G  517  518 


519 


URINART  GLADDER 


M 


PROSTATE 


N 


BONE  tSTERNLiM) 


N 


BONE  HARnOM 


N  N  N  H  N 


N  N 


NOSE 


N  N  N  N  N 


N 


HEMORRHAGE 


1 
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PATHOLOGY  ASSOCIATES,  INC. 

LMjt'IHARA  f  I VE  Ai  .T.irt  JfJHALA  I  J  ( 'N  SGRFLN 
OF  ]R.)N  OXIDE  AMI)  GRAPHITE  L'UOTS 
14  DAY  F'OOr  EXI-iji-UhE  GACRIF' J  r  E 


Tabulated  Animal  Data 


PROJECT  ID:  G-14PE  GROUP:  Ti02  SEX:  N  DAYS:  ALL 

PAGE  20  FATES:  ALL 


ANIKAL  ID.  NO: 
OTHER  TISSUES  AND  LESIONS: 


513  514  515  516  517  518  519 
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PATHOLOGV  ASSOCIATES,  INC. 

C'''f1fARAH  VE  ACUTE  ICHALATIOM  CCRCfN 
OF  IRON  OXIDE  AND  GRAPHITE  DUS  IS 
14  DAY  DOST  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Hicro  Findings 


PRO.TEGT  ID:  G-I4PE  GROUP:  CONTROL  SEX:  MALE  DAYS:  ALL 

PAGE  1  FATES:  ALL 


ANIMAL  NO:  415  PATHOLOGIST:  LHB 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 13 

REFERENC.E  TO  NECROPSY  RECORD:  RELATED  HIST  ORATMOL'.'GY: 


ANIMAL  NO: 

41S 

PATHOLOGIST: 

LHB 

ANIMAL  FATE: 

TERMINAL  SACRIFICE 

DAYS  ON  TEST 

:  IS 

REFERENCE  10 

NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

ANIMAL  NO:  41 v 

ANIMAL  r-ATF:  TERMINAL  SACRIRICE 

REFERENCE  TO  NECROPSY  RECORD: 


PATHl'L.OGIST:  LHB 
DAYS  ON  TEST: IS 
RELA  lED  H15  T  I  'RATHOL  i.'GY  ; 


ANIMAL  NO:  420  RATHuLOGIST;  LHB 

ANIMAL  FATE;  TERMINAL  SACRIFICE 

DAYS  ON  TEST:  IF: 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 
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PATHOLOGY  ASSOCIATES,  INC. 

C'.MII-  ARAl  IVE  ACUTE  THHALAIl'Mg 
"F  TRi.'N  OXJDE  AND  GRAPH  I  ft:  DUSTS 
14  DAY  PUST  E:<P0SURE  SACKlKltTE 


Correlation  of  Gross  &  Micro  Findings 


PROJLCl  ID:  G-14fE  GROLIP:  CONTROL  StX:  MALE  DAYS:  ALL 

PAGE  2  FATES:  ALL 


ANIMAL  MO:  >121 

ANIMAL  FATE:  N,i;M.INAL  SACRIFJCE 


REFERENr;E  TO  NECROPSY  PE  CORD: 

>K.IDNEY,  RTL  ATFP/L-  rOC:l  ,  MULTIPLE, 
RED 


ANIMAL  NO:  4:;2 

ANIMAL  FATE:  TfRMlNAL  SACRIT ICE 


REFERENCE  TO  NECIf'.iPSY  RECORD: 


ANIMAL  NO;  42 J 

ANIMAL  FATE:  irRMIMAl.  SACRIFTi:.’ 


RLEERLNLT-:  io  NL:(;:Rspsy  REC'-'RD: 


ANIMAL  NO:  424 

ANIMAL  FATE:  TEfJMINAL  SACRIFICE 


REFERENCE  IO  NI CROPSY  RECORD: 


PATHOL OGI SI:  I  HB 
DAYS  ON  TEST: 18 
RELATED  HISTOPATHOI.OGY : 

NO  COROLLARY  CHANGE  DETECTED 

PATHOLOGIST:  LHB 
DAYS  ON  TEST: 18 
RELATED  HISTOPATHULOGY: 

PATHOLi;'GJST:  LHB 
DAYS  UN  TEST: 10 
RELATED  I  LIST  OPATI  lt)l  OGY  : 

PATHOLOGIST:  LHB 
DAYS  ON  TEST: 18 
RELATED  H 1 S 1  UP ATHOLOG Y : 
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PATHOLOGY  ASSOCIATES,  INC. 

i.;r'MFAi;AnvE  ACUTE  rUHALATlUN  MCTst  TN 
':E  JFi'.'N  OXIDE  AND  GDADHIIE  DUSTS 
]4  DAY  POST  EXPOSURE  SACK  IF  ICE 


Correlation  of  Gross  &  Micro  Findings 


F^RO.IECT  ID:  G-.1AF-'E  GROUP:  CONTROL  SEX:  MALE  DAYS:  ALL 

PACE  3  FAFFS:  ALL 


ANIMAL  f-FO:  IL'S  PATHOLOGIST:  LHB 

ANIMAL  f-ATE:  ILKMIIIAL  SACRIf  ICE 

DAYS  ON  TEST: IS 

REFERENCE  TO  NFCF'jPSY  REC'.'RD:  RELATED  HISTOPATHOLOGY : 


ANIMAL  NO:  N?'..  PATHOLOGIST;  LHB 

ANIMAL  FAIL:  lLKNlt-:AL  SACFvMFiC:E 

DAYS  ON  TEST: 18 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 
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PATHOLOGY  ASSOCIATES,  INC. 

CttMPARATIVf  ACUTE  INMALAITf.'N  St-RtT  N 
|.>F  IRON  OXIDE  AND  GRAPHITE  DUCT  tl 
14  DAY  POST  EXPOSURE  SACRIKICE 


Correlation  of 

Gross  &  Micro  Findings 

PROJECT  ID:  G 
PAGE  4 

1  -MPE 

GROUP:  MlCR02t.0  SEX:  MALE  DAYS:  ALL 

FATES:  ALL 

ANIMAL  NO: 

4  A'-' 

PATHC'LOGIST:  LHB 

ANIMAL  FATE: 

TERMINAL 

SACRIFICE 

DAYS  ON  TF  .JilG 

referenl:e  to 

NFCRoPSY 

RECORD : 

RELATED  HISTOPATHOLOGY : 

ANIMAL  MO: 

4  SO 

PATHOLOGIST:  LHB 

ANIMAL  FATE: 

TERMINAL 

SAi;;RIFICE 

DAYS  ON  TEST; 18 

REFERENCE  TO 

NECROPSY 

RECORD: 

RELATED  HISTOPATHOLOGY: 

ANIMAL  NO: 

431 

PATHOLOGIST:  LHB 

ANIMAL  FATE: 

IF KM INAL 

sacrifice: 

DAYS  ON  TEST: 18 

Rh  r-T-.RLMCL-  TO 

> 

WEiriO'FSY 

RECORD: 

RELATED  HIM  1  'oPATHOL'.’GY  : 

COMMENT:  LUNG -AS  COMPARED  TO  THE 

24-HR  SACRIFICE,  MORE  PIGMENT  (IN 

macrophages)  is  (.^lumped  together 

JN  lERMlNAL  BRONCHIOLES. 

I 
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PATHOLOGY  ASSOCIATES,  INC. 

m.'MPARATI  Vfc  ACUTE  TNHAt. A  T  J  <.'W  I.-.CRf-  l-N 
OF  IRON  OXIDE  AND  GRAPH] 1E  DUSTS 
14  DAY  POST  EXPOSURE  SACRII  ICE 


Correlation  of  Gross  &  Micro  Findings 


PROTECT  ID:  G-14PE  GROUP:  MIC;R02t.0  SEX:  MALE  DAYS:  ALL. 

PAGE  5  FATES:  ALL 


ANIMAL  NO:  4S2 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  LHB 
DAYS  ON  TEST: IS 


REFERENCE  TO  NECROPSY  REV'RD: 


RELATED  HISTOPATHOLOGY: 


> LUNG-MOTTLED 


LL.iGS-  PIGMENTATION 


ANIMAL  NO:  4S  .'  PATHOLOGT  ST :  LHB 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 18 

REFERENCE  TO  NECRuPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>PANCREAS-NODLILE,  2X2X1MM,  ROLIND,  RED  PANCREAS-ACCESSORY  SPLEEN 

>  COMMENT:  LUNG -AS  COMPARED  TO  THE 

L'A-H'.'L/R  SAL'RIFICE,  MORE  PIGMENT 
(IN  macrophages)  TS  LTLUMPED 
TOGETHER  JN  TF RMINAL  BRONCHIOLES. 


ANIMAL  NO:  454  PATHOL OGIST:  LHB 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 18 

REFERENCE  10  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>  COMMENT:  LUNG- AS  COMPARED  TO  THE 

24-HOUR  SACRIFICE,  MORE  PIGMENT 
(IN  MACROPHAGES)  IS  CLUMPED 
TOGETHER  IN  TERMINAL  BRONCHIOLES. 
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PATHOLOGY  ASSOCIATES,  INC. 

Of'MPAKAfTVE  ACUTE  rMHALATI'.'N  PCRl-'CN 
OE  IF^Ot-l  OXJL'E  AND  GRAPHITE  DUSTS 
14  DAY  POST  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  G--14PE  GHoUP;  HlCROSf^O  SEX:  MALE  DAYS:  ALL 

PAGE  6  FATES:  ALL 


ANIMAL  NO:  455  PATHOLOGIST:  LHB 

ANlflAL  FATE:  TERMIt-lAL  SACRIFICE 

DAYS  ON  TEST: IS 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 


ANIMAL  T40:  4  50 

ANIMAL  FATE:  TERMINAL  S,M.RIFI0E 

REFERENCE  TO  NECROPSY  RFC"RD: 

> THYMUS- FOCI ,  1X1X1  MM,  ROUND,  DARK 
RED  . 

> 


PATHOl.OGIST;  LHB 
DAYS  ON  TEST: 18 
RELA TED  HISTOPATHOLOGY ; 

NO  COROLLARY  CHANGE  DETECTED 


COMMENT:  LUNG-AS  COMPARED  TO  THE 

24-HOUR  SACRIFICE,  MORE  PIGMENT 
(IN  MACROPHAGES)  IS  CLUMPED 
TOGETHER  IN  TERMINAL  BRONCHIOLES. 


ANIMAL  NO:  457  PATHOLOGIST:  LHB 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 18 

REFERENCE  Tu  NECROPSY  REC'.'RD:  RELATED  HISTOPATHOLOGY  : 

>  COMMENT:  LUNG-AS  COMPARED  TO  THE 

24-HOUR  sacrifice,  MORE  PIGMENT 
(IN  MACROPHAGES)  IS  CLUMPED 
TOGETHER  IN  TERMINAL  BRONCHIOLES. 


! 
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PKO.TEiCr  ID:  I 
PAUE  / 

ANIMAL  NO: 
ANIMAL  FATh: 

RFIFFRIINOE  TO 
>Li.ir:G-r:;REY 


PATHOLOGY  ASSOCIATES,  INC. 

Ci  'MFARATI  VE  ACUTE  INHALAllLiN  SCRf-EN 
OF  tRAN  Oxri’fc  AND  GRAPHITE  DICITS 
14  DAY  POUT  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


i-14PE  GROUP:  MICRO;?t.O  SEX:  HALE  DAYS:  ALL 

FAIFS:  ALL 


AM?  PATHOLOGIST:  LHR 

TERMINAL  SACRIFICE 

DAYS  ON  TEST: 18 

NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

LONGS-  PIGMENTATION;  COMMENT: 
l.UNG-AS  COMPARED  TO  THE  24-HOUR 
SACRIFICE,  MORE  PIGMENT  (IN 
MiCKCPHAGES)  IS  CLL/MPED  TOGETHER 
IN  TERMINAL  BRONCHIOLES. 
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F  R0.1FC;T  H): 

page:  S 


ANIMAL  NO: 
ANIMAL  FATE: 

REFERENCE  TO 
) L UNG ■ GFFY 


ANT  MAI.  NO: 
ANIMAL  FATE: 

RLTERf.NCE  TO 
>LUNG-  MOTTLE  : 

ANIMAL  Nm: 
ANIMAL  FATE: 

REFERENCE  TO 


PATHOLOGY  ASSOCIATES,  INC. 

C'imi’ARAT  J  VE  ACUTE  TNUALATT'.iN  CCTIFEN 
OP  TK'iN  OXIDE  ANT)  GRAPHITL  DUCTG 
14  DAY  POST  EXPOSURE  SACRTFD'P 


Correlation  of  Gross  &  Micro  Findings 


3-14FE  GROUP:  MJCROr.SO  SEX:  MALE  DAYS:  ALL 

FAIES:  ALL 


4Pil  PATHOLOGIST:  LHB 

Tf  PTMJNAL  T'.ACRTP  ICE 

DAYS  ON  TEST: IS 

NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

LUNGS-  PIGMENTATION;  COMMENT: 

LUNG  PTGMENr  JS  IN  LARGER  CLUMPS 
(MOSTLY  IN  TERMINAL  BRONCHIOLES) 
THAN  IN  THE  C4  Hul.lR  STUDY. 

PIGMENT  AL?;0  IN  [TALT. 


■a  02  PATHOLOGIST;  LHB 

TERMINAL  SACRIPICE 

DAYS  ON  TEST: 19 

NECROPSY  P;f-.CuRD:  RELATED  H  IS  TOPATHOLOGY  : 

I  UNGS-  PIGMENTATION;  COMMENT: 

LUNG  PIGMENT  I?.  IN  LARGER  CLUMPS 
(MOSTLY  IN  TERMINAL  BRONCHIOLES) 
THAN  IN  THE  24  HL'UR  STUDY. 

PIGMENT  Ai.SO  IN  BALT. 


■Fj3  PATHOLOGIST:  LHB 

TERMINAL  SACRIFICE 

DAYS  ON  TEST: 18 

NECROPSY  RECORD:  RELATED  HT SToPATHOLOGY : 
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PATHOLOGY  ASSOCIATES,  INC. 

r:''MF'ARATl  VE  ACLHF  INHALATION  ".CUKEN 
i.'F-  IRON  OXIDE  AND  ORARHITE  DHO I S 
14  DAY  fuST  EXDUL'LIRE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  G-J4FE  CROUP:  MICROe.50  SEX:  MALE  DAYS:  AIL 

PAGE  9  EA1ES:  ALL 


ANIMAL  MO:  A::!:-) 

ANIMAL  PAft::  TERMINAL  SACRIFICE 

PEE'ERENCE  TO  NECROPSY  RECORD: 

>l.UNG,  ALL  LOBES-EOCI  ,  MULTIPLE,  REm 


PATHOLOGIST:  LHB 

DAYS  ON  TEST: 10 

RELATED  HISTOPATHOLOGY: 

LLINGS-  HEMORRHAGE;  COMMENT:  LONG 
PlGMt:NT  IS  IN  LARGER  CLUMPS 
(MOSTLY  IN  TERMINAL  BRONCHIOLES) 
THAN  IN  THE  24  HOUR  STUDY. 

PIGMENT  At  SO  IN  BALT. 


ANIMAL  NO:  aCA  PATHOLOGIST:  LHB 

ANIMAL  F'ATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 19 

RET-FRENCE  TO  NECROPSY  RECORD:  RE'LATED  HISTOPATHOLOGY  : 

>  COMMFNT:  LUNG  PI GHENT  IS  IN 

LARGEIR  LI.UMPS  (MOSTLY  IN  TERMINAL 
BRONCHIOLES)  TUAN  IN  THE.  24  HOUR 
STUDY.  PIGMENT  ALSO  IN  BALT. 


ANIMAL  NO:  405  PAFNOLUGIST:  LHB 

ANIMAL  PA  IT:  TERMINAL  '  A(.:R.iF]CE 

DAYS  ON  TEST: 18 

REFERENCE  TO  NECROPSY  KFC'-RD:  RELATED  HISTOPATHOLOGY: 
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PATHOLOGY  ASSOCIATES,  INC. 

(  i.'MF’AK.M  rVE  ACUTE  INHALATION  F.CRCEN 
of-  IRON  OXIDE  AND  HRAf'HlTE  [?USfO 
14  DAY  FOSl  L-Xf'USURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID: 
I'AGE  10 

G-14PE 

GRl'UP:  MICRuf.50 
FATES;  ALL 

SEX:  MALE 

DAYS:  ALL 

ANIMAL  NO.- 
ANIMAL  FAIE: 

486 

IF  RMINAL 

SACRIFICE 

PATHOLOGIST:  LHB 

DAYS  ON  TEST: 18 


REFERENCiE  TO  ffECR'.'PSY  RECuRD:  RELATED  H ISTOPATHOLOGY : 


ANIMAL  NO:  Ai-lY 

ANlfOM.  FATE:  TERHJ'JAl.  SALRIFICE 

REFERENCE  10  NFf :R'.'R; ;Y  f;LCORD: 

>L  CNG-nARK 


>pr<<'Mi,HTAL 

.•IXEXOMM, 


1.  rfll-'H 
'.'VAI.  ,  P 


N"L'L  -ENLARCED, 
rp.'WN 


F'ATHOLOGIST:  LHB 

DAYS  'i'N  TEST:  18 

RELATED  HISTOF'ATMOLOGY : 

LONGS-  flGHENTAl ION;  COMMENT: 

LUNG  PIGMENT  IS  IN  LARGER  CLUMPS 
(MdSTLY  IN  TERMINAL  BRONCHIOLES) 
THAN  IN  THE  24  HOL'R  STUDY. 

PIGMENT  ALSO  IN  BALT. 

BRONCHIAL  LYMPH  NODE-  CONGESTION 


ANIMAL  MO:  'J;:-;;.-!  PATHt  H. 'JG I  ST :  LHB 

AN]M.'L  FATF.:  It.f.njHM,  SACR  IF  J  O-E 

DAYS  iiN  TEST:  18 


REFERENCE  10  NECRoPsy  RECORD:  RELATED  lilSl  UPAI  HOLOGY  : 


COMMENT:  LUNG  PIGMENT  IS  IN 

larger  clumps  (MOSTLY  IN  TERMINAL 
BRONCHIOLES)  THAN  IN  THE  24  HOUR 
STUDY.  PIGMENT  ALSO  IN  BALT. 
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PATHOLOGY  ASSOCIATES.  INC. 

l.  '  "‘IPARAriVE-;  ACIIIE  inllAl.ATI'.'W  SCi.rt  !J 
Of-  I  Emin  UXjDE  AMO  (.ifJAf'Hl  Tt  DUST? 

14  DAY  DOST  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  G  -14PE  GROUP:  MICR' ■»:..':.0  StIX:  MALE  DAYS:  ALL 


PAGE  .11  FATES:  AL  L 

ANIMAL  NO:  400 

ANJMAL  FATE:  TERMINAL  S.ACRIFle;E 

REFEREOf;E  TO  NECROPSY  RECORD: 

/LUNG,  ALL  I  OKr.S-f  E'lTI,  M'.'L  T  T  Cl,  E  , 
RuiJf-JD,  RED 


PATHOLOGIST:  LHB 

DAYS  ON  TEST: IS 

RELATED  HIST uPATHOLOGY : 

LUT-'GS-  HEMORI.’HAGt:;  COMMENT:  LUNG 
PIGMENT  IS  IN  l.ARGER  CLUMPS 
(MOSTLY  IN  TERMINAL  BRONCHIOLES) 
THAN  .IN  THE  24  HOUR  STL'DY. 

PIGMENT  ALSO  IN  BALT. 


ANIMAL  f  lO:  ■i  -'O  PATHOL  OG.T ST :  LHB 

ANIMAL  FATE:  TECMJNAL  SACRIFICE 

DAYS  ON  TEST:1I! 


REFERENCE  TO  NECROPSY  F.'ECcRD: 

>  MESEN'i  FRY  ,  T'AT  •  NCT:'U1  E  ,  .'.••.2X  1  MM 
ROUND,  lEl.  L.'.'N 

>LUMG-GPEY 


RELATED  HISTOPAT HOL OGY : 
MESIM1E(>Y,  EAT  NI  CLOSIS 


(JJMGS-  PIGMENTATION;  COMMEMT: 
I.UNG  EJOUINI  IS  IN  LARl=HR  CLUMPS 
(M''ST1.Y  IN  TERMINAL  BRONCHIOLES) 
THAN  IN  THE  24  H"UR  STUDY. 

PlGflf  NT  AL.Sm  in  salt. 
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PATHOLOGY  ASSOCIATES,  INC. 

I. '.’MPAKA7IVE  ACIHE  INHALATION  SOREEIN 

'■r  Tf  MN  ahd  graphite  di.igto 

14  DA-r  fuOT  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECI  ID: 
f’AGE  12 

G-14I-E 

Gf'.'NP:  Iio2  SEX;  MALE  DAYS:  AIL 

FATES:  ALL 

ANIMAL  HO: 

SIS 

PATHOLOGIST:  LHB 

ANIMAL  FATE: 

TERMINAL 

SACRIF ICE 

DAYS  ON  TEST: IS 

REFERENCE  TO 

NECRi.-PSY 

REi.  '-PD:  related  HISTOPATHOLOGY  : 

AITTMAL  HC': 

SI  4 

PATHOLOGIST;  LHB 

ANIMAL  FATE: 

TF  RMINAL 

SACFNf  u:L 

DAYS  ON  TEST; 18 

reference  ro 

NEClv.-.p^Y 

RIO  '.'ED  :  RELATED  HISTOPATHOLOGY: 

COMMENT :  LUNG--  PI  GME  NT-l.  ADEN 

MACR'.'PHAGES  PRESENT  IN  SOME 
LARGER  BRONCHIOLES,  BUT  IT  MAY  BE 
ARTIFACTUAL. 


ANIM/L  N'.': 
AtllMAL  F.',TF: 

TERMJi-iaL 

SACf’IF  ii'E 

PATHULOGISI:  LHB 

DAYS  UN  TEST:ia 

RCEERENCE  10 

NECR'''PSY 

RF  UOh’D : 

Fv'EL  A  TED  HISTOPA  Tf  fOLOGY  : 
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Ci'liPARA'I  JVF.  ACUrE  IHHALA  I10N 
I'h  IRON  iiXlL'E  AMD  GRAPH]  TE  DUSTS 
14  DAY  POST  EXPOSURE  SACRIFICE 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  G--14PE  Gf'OUP:  Ti02  SEX:  MALE  DAYS:  ALL 

PAGE  J3  PATES:  ALL 


ANIMAL  NO:  516  PATHOLOGIST:  LHB 

AN J  MAL  FATE :  TE RMI NAL  SA(.-.R]  F  1 CE 

DAYS  ON  TEST: 10 

HEf-ERENCE  TO  NECRC'I'SY  RECORD:  RELATED  HISTOPATHOLOGY : 


AN  J  NAL  NO:  ''17 

/.1,'INAL  FATE:  T1  EMII-'M.  SACIvTi-ICE 

REFERENCE  TO  MT-CRCiPSY  RECORD: 


PATHOL  C'G  I  ST:  LHB 
DAYS  ON  TEST: IS 
RELATED  HISTOPATHOLOGY: 


ANIMAL  NO;  ,':10  PATHOLOGIST:  LHB 

ANIMAL  FATF:  TF:F;MINAL  ::ACRIF-ICF 

DAYS  ON  TEST:ie 

l■.l■|■f;REMt:E  TO  NLlJxi ’I'SY  F;nt:'''Hn:  RELATl.D  H 1  STOPATI  lOL.OGY : 

M.UNG,  ALL  I  OBF;S-FOCf  ,  MULTIPLE,  LUNGS'  HEMORRHAGE 

ROUND ,  RE  D 


ANIMAL  NO:  MN  PATHOLOGIST:  LHB 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

DAYS  ON  TEST: 19 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY : 
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i>  'f:PAF;ATJ  VE  ALUTE  IHHALA  i  I'.'N  ’-.rHEf-N 
"t  1K"N  MXii)E  .'(11)  UE.MMIIE  I.'U;ilE 
IT  DAY  P"?T  EXK"!.;itKE  '..ACPlf- ]  CE 


Correlation  of  Gross  &  Micro  Findings 


F‘ROJf;f'T  [p;  Q-IaPE  Tin?  EfX:  HAI  E  L'AfS:  '.L.L 

(  AIjE  14  FAIlfS:  ALL 


AMjn.M,  ll'.'i;  '-20  f*A FHOL '"'G 1  ST  :  ItiA 

AH  I  MAL  f  AT  E  :  IF  F  !1 ! !  I4,L  F  Ai  f-  I F-  I  OF- 

DAYS  ON  TEST: 10 

PEF'LKEN(.:E  lU  ll[:CF^"FSY  PEC'.'r-iP:  REl.AFED  H  ISTOF'A  FHOL' KaY : 


AMIM.'.L  O":  PATHOL '"'GIST:  LHB 

M- ' T  “'•‘.L  (  AT  f:  :  T  [.  F  !  ' Al.  '  AC  LIT.!  LE 

DAYS  t'M  TEST:  10 

F.:EFFFPi;F4(:r-.  Fm  fJF.C  RAF  F  Y  hlCC:.'!-.'):  fTELAff:!)  HISTOPATMOLOGY: 

>  rOMflEMT;  I UHG- PIGMENTED 

MACR'.'PHAGLS  PFvESENT  FN  SOME  SMALL 
HR'  .Hi.HJ"LbS. 


P  A  VH"L '.'GT  ST :  LHFi 

i'Ai!-:  FEt  fMPAL  Ai.:P  1 F- I  rF-, 

DAYS  "N  TEST:  I  IT 

i't-i-EKl.-tJif  I'.'  llEl.:r-i"l'SY  Pt- '-'TFVD  :  i-EI  All-T)  Hi  r"PA  TOOL  OGY  : 
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^  QUALITY  ASSURANCE  STATEMENT 

This  histopathology  project  has  been  inspected  and  audited  by  the  quality  assurance 
unit  as  required  by  the  Good  Laboratory  Practice  regulations  promulgated  by  the  U.S. 
Food  and  Drug  Administration.  Pathology  Associates,  Incorporated  has  a  functioning 
and  responsive  quality  assurance  unit  which  reports  directly  to  management.  The 
following  is  a  record  of  inspections/audits  and  their  resulting  reports: 


Date  Rndings  Raportad 


Date  of 
Inspection 

Phase  Inspected 

to  Management 
and  Study  Pathologist 

•02-08-88 

Tissue  Trimming 

02-08-88 

*02-18-88 

P  rocessi  ng/E  mbedding 

02-18-88 

*02-18-88 

Microtomy 

02-18-88 

*02-19-88 

Staining 

02-19-88 

*02-19-88 

Coverslipping 

02-19-88 

*02-19-88 

Labeling 

02-19-88 

**02-25-88 

Individual  Animal  Data 

02-25-88 

**02-25-88 

Data  Entry 

02-25-88 

**02-25-88 

Computer  Validation 

02-25-88 

**02-25-88 

Draft  Pathology  Report 

02-25-88 

**03-09-88 

Second  Draft  Gross  to  Microscopic  Tables  03-09-88 

**03-25-88 

.  Final  Pathology  Report 

03-25-88 

‘General  Monthly  Phase  Inspection 
“  Inspection  specific  for  Study  Number 


In  concordance  with  the  PAI  Quality  Assurance  Division's  Standard  Operating 
Procedures,  phase  inspections  are  routinely  conducted  on  a  random  basis  at  a 
minimum  of  monthly.  Dates  of  inspection  are  reported  for  each  study  according  to  the 
most  recent  phase  inspection  conducted  during  that  period. 


Director,  Quality  Assurance  Unit 


March  25, 1 988 


Date 


Comparative  Acute  Inhalation  Screen  of  Iron  Oxide  and  Graphite  Dusts  (Four  Day 
Exposure  With  One  Day  Recovery)(Protocol  No.  22087000A217). 
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